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ILLUSTRATED LECTURE. 


“FLYING OVER MOUNT EVEREST.” 


By Lr.-Con, L. V. STEWART BLACKER, O.B.E., F.R.GS. 


DELIVERED 111TH OcropErR, 1934. 


The Staff Association were very fortunate and privileged to secure the services of Colonel Blacker for 
the opening lecture of the 1934-1935 Session. Sm GEORGE Hiacrns, C.B.E., the Chairman of Lloyd’s 
Register of Shipping, was in the Chair, supported by Sir ANDREW Scort, the Secretary. 

The lecture, naturally, made a strong appeal to all lovers of sport and adventure, and preparations 
were made for a crowded audience. The Board Room was filled to its utmost capacity, and the members 
of the Staff, with a limited number of friends, were enthralled with the vivid description and illustrations 
of the flight, and charmed with the unassuming personality of the lecturer. 

Sir GEORGE HigGins, when introducing the lecturer, said -— 

We are welcoming here tonight Lt.-Col. L. V. Stewart Blacker, O.B.E., F.R.G.S., and he is going to 
lecture to us on * Flying over Mount Everest.” Colonel Blacker was chief observer and general organiser of 
the Lady Houston flights in 1938, and took part in both flights over the summit on the 3rd and 19th April 
of that year. He planned and carried out the scientific and technical organisation of the Everest flight, 
and has collaborated in a book, descriptive of the adventures of the expedition, entitled ‘First over 
Everest.” 

He qualified as an aeroplane pilot so long ago as 1911, and joined the Royal Flying Corps as a flying 
officer in September, 1914. He has been awarded medals for exploration by the Government of India, 
“The Times,” and the Geographical Society of France. He has addressed the Royal Society and the 
Royal Geographical Society, and we are, therefore, very much honoured that he has been good enough to 
come here to-night to talk to the Staff Association’ of luloyd’s Register. I have much pleasure in 
introducing Colonel Blacker. 

COLONEL BLACKER then proceeded to deliver his lecture and said :— 

Mr. Chairman and Gentlemen, it is a great privilege to have the honour of addressing you here 
to-night, and one of which I am especially grateful, because it gives me an opportunity to pay a tribute to 
the munificence and patriotism of Lady Houston, a lady whose patriotism is only rivalled by her generosity, 
and I can assure you that her name is uppermost on the lips of the air-minded people of the many 
countries through which we passed on our way out to India. Lady Houston tided us over the financial 
difficulties of the flight at a very critical period in economic history, but the tactical credit is based on 
those very wonderful Bristol Pegasus engines, and when the three of us, Colonel Etherton, Lord 
Clydesdale and myself, started to plan and organise this expedition in the spring of 1932, there is no doubt 
that these engines were the only ones in the world which could have taken such a heavy load over the 
summit of the mountain. 

It was not merely a case of flying over Mount Everest, for that could have been done with a single 
seater. A single seater could not, however, have brought back any scientific results, and our object was 
to show that the aeroplane as an instrument of geographical science can go and map the highest mountains 
in the world, and, therefore, there is no obstacle to aeroplane mapping and aircraft survey. 

This picture shows the engine being hoisted in to the actual Westland aeroplane, a product. of 
Messrs. Westland Aircraft Ld., of Yeovil, whose work was most creditable to British Industry and never 
gave us the slightest qualm from start to finish. The engine is a nine-cylinder air-cooled engine and is, 
moreover, supercharged, which signifies that extra air is blown into the carburettor to make up for the 


thinness of the atmosphere at high altitudes. We were immensely gratified with the performance both of 
the aeroplanes and of the engines, and we feel that when these supercharged engines come into their own 
and are provided with propellers of variable pitch or, possibly, variably geared, we shall find long distance 
trans-continental or trans-oceanic flights being carried out on a commercial basis at heights of the order 
of 30,000 ft. For an aeroplane flies far more efficiently through the air at 30,000 ft. than it does at sea 
level, providing, of course, that crew and passengers be supplied with oxygen. 

Forward in the machine are the big fuel tanks, holding 105 gallons. By fuel 1 do not mean petrol, 
because quite early in our organisation we found that a special fuel was necessary. Engines of this type, 
having a high compression, need an anti-knock fuel. Ordinarily, a considerable percentage of benzol is 
used for low altitude work, but in our case experts found that the proportion of benzol had to be cut down 
because it freezes at temperatures of 60 degrees C., which we reached in the early tests. The experts of 
Messrs. Shell, Ld., produced a special fuel containing tetraethyl lead, which functioned admirably. Here 
again, this is a peep-hole in the immediate future of flying, because we may very probably find the aeroplane 
using a tank of a particular type of fuel for its climb at low levels, another for going up to great heights in 
the thin atmosphere, and even yet another for level flight. The future will show us some more develop- 
ments here. 

The central point of the whole outfit of equipment is the heavy camera mounted in gimbals pointed 
vertically downwards for taking the continuous strips of photographs which we required for mapping. 
This is, a Williamson Eagle camera, and electrically driven from the main dynamo. One of the 
major troubles that confronted us about the photography in extreme cold was that the celluloid of 
the films freezes, and when celluloid freezes it becomes very brittle and flies to pieces if an attempt is 
made to wind or unwind it on to spools. For this reason, the cameras which employed films had to be 
heated, and heated very thoroughly indeed. This was done in two ways. The survey camera consisted 
of three main portions—namely, the film magazine, the camera body and the lens cone. Inside each of 
these items were fitted an electrical resistance heated by passing a current through it. That, by itself, 
was not sufficient. The cameras were made of metal, and therefore it was necessary to blanket them with 
fabric jackets, and into these were sewn a network of electric filaments, and through these filaments 
passed more current. In this way, the cameras were heated both from within and without and consumed 
a considerable amount of current to keep the cameras very pleasantly warm. Not only was it essential to 
heat the cameras to maintain the celluloid in a flexible state. but also to prevent the lenses from frosting 
over. Without heating, the lenses, as we found from experience, would, in a few moments, become covered 
with a quarter-inch of frost, which is not a very helpful circumstance towards photography. 

By the time all these heating elements had been fitted to the camera and the wiring connected up 
from them to the spare magazines, also heated, the whole arrangement became, with the leads for the 
automatic electric drive, a very complicated arrangement. Our thanks are due to Messrs. Siebe Gorman 
& Co. for carrying out the experiments. 

Fitted for the observer’s use in conjunction with the heavy camera was the drift sight, which is seen 
in the picture alongside it. The observer looks down through the negative lens of this sight at objects on 
the ground beneath him, and is thereby enabled to tell to what extent the aeroplane is flying obliquely 
to its course. Rotatable parallel wires are fitted in a frame over the lenses, and by turning these until 
conspicious objects on the ground appear to pass parallel with the wires, the observer is able to measure 
the angle of drift. 

This is important, because, except in still air or with the wind dead ahead or dead astern, the machine 
must fly obliquely to its course, nosing slightly into the wind. — It is necessary to rotate the camera to the 
same angle in the opposite direction in order that each exposure taken shall be square with the course, not 
with the central line of the machine. For this reason, it was necessary to measure this angle of drift and 
for the observer to rotate the camera in azimuth the same amount in the opposite direction. Unless this 
direction were taken, it might be difficult to get the detail of each photograph to overlap with the next, 
and we had a film with 140 exposures on it, each 5 in. by 5 in., so it was of vital importance that there 
should be not the slightest gap in the overlaps. 

Here is a picture of a number of these strips of vertical photographs being pieced together to form 
what is called a “mosaic.” Each exposure and each strip is taken automatically, and they must overlap 
by 83 per cent or more and thus form a continuous strip. You will see that they are all fairly parallel 
with each other, because the observer has used the drift sight and thereby made up for the angle of 
obliquity of the machine. 


On each exposure there is an image of the tiny aneroid which is fitted inside the camera and which 
is photographed at the same time as the exposure is made. The same applies to a watch which has a 
second as well as a minute hand, and to a small counter which automatically gives the serial number of 
the exposure, 

The diagram shows an aeroplane in the course of photographing a strip, and you can see how much 
the exposure overlaps with the next, until the whole forms a rectangle. 

This matter of the overlap was one which caused us the utmost anxiety from first to last, because 
there were several reasons which made it extremely difficult to guarantee the continuity of the overlap, 
and because the slightest break with the continuity would ruin the strip and, therefore, make the flight 
useless from the scientific point of view. A bank of clouds suddenly appearing below the machine, or 
the effect of a valley being filled with mist would, of course, cause a break in the vital continuity of the 
strip and render it useless for mapping purposes. 

Worst still was the danger that the aeroplane might be tilted either laterally or fore and aft to such 
an extent that the exposure taken at that moment would not join on to the last. It is obvious that the 
machines had to be flown with the greatest skill and steadiness, and I think I have already referred to the 
difficulties encountered by professional pilots in this matter, in easier conditions. A single gap would 
have spelt the ruin of the whole expedition, because we had permission for only one flight over Nepal. 
You will see later, I am sure, how very creditable it was to our two pilots, both of the Auxiliary Air 
Force, that they flew so well as to bring off these continuous strips which are proving so valuable for 
scientific mapping. By valuable, of course, I do not mean that. the mapping which has been produced 
and which is, indeed, being added to day by day under the capable hands of the Royal Geographical 
Society is likely to be much used by hikers. travellers or others in the near future, but it is valuable in 
view of the fact that it demonstrates to the world that no physical obstacle on the surface of the globe can 
stop the progress of the exploring aeroplane and its aerial survey camera. 

The diagram shows how the size of the area photographed increases automatically with the height 
above the ground, 

Our cameras were fitted with Ross’s wide angle Xpres lenses with an aperture of 4°5, and with this the 
width and length of the picture obtained was equal to the height of the aeroplane above the surface of the 
ground. This is an achievement which is of great credit to the lens makers, when one appreciates that 
every bit of this area was very well covered and the detail accurately shown. 

Besides the vertical pictures, whose interest was mostly scientific, we needed also the obliques that. | 
have mentioned. These have a considerable scientific value and are being used to a very appreciable extent 
in the plotting and the mapping, but they also constitute the main pictorial result of the expedition. They 
were taken on Ilford panchromatic glass plates and the slides will show you the quality of the results. To 
take these, each aeroplane carried two hand operated cameras, one being a P. 14 taking 5 in. by 4 in. plates 
and the other a pistol camera, 34 in. by 23 in. 

In these instruments, although there was, of course, no film to be heated, it was still necessary to 
warm the lenses and also the fabric of the blind of the shutter, it being of rubberised material which 
would have frozen. For each of the hand held machines 24 plates were carried in dark slides, Finally, 
the leading plane carried one and the Supporting plane two Cine cameras, of the well-known type made 
by Newman and Sinclair, each loaded with 200 ft. of standard professional film, 35 mm. wide with 400 ft. 
spare. Each of these and the spare spool boxes had to be very thoroughly heated in much the same Way 
as the heavy camera. The outfit of cameras was completed by a Baby Cine Kodak in the leading plane. 

Besides this battery of cameras, both the pilot and the observer had to deal with a comprehensive 
outfit of instruments. Of interest to photographers amongst these is the Williamson intervalometer, an 
instrument which automatically makes each exposure in the vertical camera after a predetermined interval, 
so that it takes place at the right moment to make the picture overlap with the last. The modus operandi 
is that on starting the strip, the observer turns a switch and sets running the electric motor of the camera, 
and this winds the film into position for the first exposure. The winding operation takes about. five 
seconds, and during that time a green light shows in a small window in the intervalometer. Then there 
is a pause, the length of which depends on the height of the machine above the ground, and the higher it 
is, the longer the interval. The instrument has a dial graduated from 5 to 60 seconds on which this 
interval can be set. It must not be less than five seconds, because it takes that time to wind the film. 
In our case, the interval was initially of about 16 seconds, then came a stop, and then for three seconds 
a red light showed in the other window of the instrument, and this constituted a signal to the pilot to 


hold the machine as steady and level as possible. ‘This was essential because otherwise, had the machine 
not been on an even keel, the photograph would have been correspondingly distorted and the plotting 
made difficult or impossible, because there might be a gap in the continuity and no overlap. 

Another of our troublesome problems in the air was the necessity for reducing this interval of time 
proportionately to the reduction of our height from the surface of the mountain. The ground level, of 
course, came Very rapidly upward to meet us, and as if came up we had to estimate the height and to set 
the intervalometer accordingly. This estimation was extremely difficult, because, of course, the main part 
of the ground was unexplored and unsurveyed, and mountains of anything up to 24,000 ft. appeared in 
quite unexpected places. 

The diagram shows a rough idea of the procedure of navigation which we adopted. 

From Lalbalu, which was our base, the actual straight line distance to Everest was 158 miles and the 
course was 342 degrees magnetic. Our average air speed was 135 miles per hour, though this dropped 
to about 120. On the first flight at the comparatively low height of 25,000 ft., the wind force was 58 
miles per hour. The diagram shows you the action of this wind from the west, the machine pointing 
obliquely from an angle of about 22 degrees, and this angle had to be allowed for not only in the setting 
of the camera but by the pilot. The observer telephoned the angle to him after measuring it on the drift 
sight and the pilot flew in such a way that a mark on the under surface of the leading edge of the upper 
planes at 22 degrees to the right of the centre line of the machine would be straight over the mountain. 
In this way, the machine followed a straight path to the mountain although lying obliquely on its track. 
Had the centre line of the machine been kept on the mountain, the path it followed would have been 
a curved one, which would have been inaccurate and unsuitable for the mapping. 

The next picture shows the layout of the oxygen instruments. The oxygen itself was carried in four 
cylinders, each of 750 litres, whence it passed along a high pressure copper pipe at a starting pressure of 
120 atmospheres. It passed along the pipe to a regulating valve, the object being to reduce this pressure 
to about 30 Ibs. per sq. in., at which it could be breathed in the masks. 

In this operation it had to go through a tiny orifice. One of the risks of flying at these altitudes is 
that if there happens to be any trifle of moisture in the oxygen, due to passing through a cloud or any 
other circumstances, this will freeze in the orifice and block the hole with a tiny plug of ice, so that 
breathing operations on the part of the crew would be suspended, and a suspension for 35 seconds would 
be enough to cause complete unconsciousness. This, in fact, was one of the main risks of the flight. In 
order to avoid this, the oxygen was taken through an electric heater and the security of the oxygen system 
therefore depended on the efficiency of the electric current. 

From the reducing valve, the oxygen passed to the flowmeter, which indicates the rate of flow of 
oxygen. In accordance with the advice of physiological experts, we inspired oxygen from the ground 
level up, in order to acclimatise not only the lungs and muscles, but also the brain. The graduation of 
the flowmeter is not, as may be expected, in litres, but in thousands of feet of height. The procedure was 
for the observer to open the valve a little on taking off, so that, ab say 5,000 ft., enough oxygen was 
being given for that altitude, and this opening was successively increased at higher altitudes to the extent 
required, until we inspired neat oxygen at 30,000 ft. 

We found that by this plan not only did the lungs and muscles work satisfactorily, but, which was 
more gratifying to note, also our wits. 

Apart from the mental effort required to carry out the numerous jobs in the ascent, there is also a 
liability that the individual breathing oxygen would get his mind fixed on some particular thing to the 
detriment of his other tasks. This is one of the phenomena encountered when breathing oxygen. Then 
again, should there be any shortage of oxygen, the judgment and perception are dulled and the individual 
is apt to make important and even fatal mistakes. The danger lies in this being very insidious, and 
therefore the airman may not realise that he is short of oxygen until perhaps it is too late. 

After the flow is indicated in this flowmeter, the oxygen passes through a “bayonet joint” and 
thence a flexible pipe takes it to the mask fitted over the face. In this mask, the oxygen is breathed in 
at comparatively low pressure and the expired air breathed out through holes communicating with the 
atmosphere. This is, of course, wasteful of oxygen, because some of the gas is also breathed out with the 
expired air, but in the circumstances this could not be helped. 

I devised a gadget for closing these apertures when we reached 30,000 ft., and this worked 
satisfactorily by ensuring that one then breathed neat oxygen, which was necessary in view of the hard 
physical work to be done in handling the cameras. 


Lyr.-Con. L. V. Srewarr Buacker, 
O.B.E., P.8.C., F.R.G.S. 
Chief Observer and Joint Organizer of 
both the Lady Houston Mount 
Everest Flights, 1933. 


Lorb CLYDESDALE (the Chief Pilot) and the Lecturer, in their electrically - 
heated clothing and oxygen masks. getting into the cockpit of the Houston- 
Westland immediately before taking off for the great flight. 


The Houston-Westland, crewed by Lorp CLYDESDALE and the Lecturer, on its way 


to Mount Everest. The wheels of. the machine are nearly over the South Peak, 
and the ice plume is streaming off the summit of Everest. 


“ The Times” —World copyright. 


A close-up view of the tremendous Southern Cliffs of Mount Everest. The snow 
plume is very distinct. 


has just been caught in the big downward 
vortex under the cliffs of the South Peaks, 


Taken at the moment when the aeroplane 


“The Times” —World copyright. 


A view of MAKALU showiny its remarkable Western Arete. his is seen 
from the direction of Mount Everest. Taken from about 30.000 feet. 


North-East Arete of Everest. The dotted line 
and the cross the highest spot reached. 


Looking down on to the 
shows the climbers’ route, 


There seems to be some risk in this, because Sir Leonard Hill announced recently that oxygen, under 
certain concentration, becomes a poison, at least at low altitudes. 

Two Admiralty Researchers had to find out how long it was possible for men to breathe oxygen at a 
full concentration before they escaped from a submarine. One got slight convulsions, and the other man 
was afflicted by a severe epileptic fit and became quite unconscious before the oxygen could be taken away. 

We did not suffer from either convulsions or epilepsy during the flights, which was, perhaps, just as 
well, because either would have been most inconvenient in those circumstances and in that environment. 

The “bayonet joint” of the oxygen pipe is introduced for the convenience of a parachute descent, 
what young airmen of to-day call, [ understand, a “brolly hop,” should this become necessary. However, 
one difficulty about a parachute descent over this sort of ground is that one would alight on ground at 
least 18,000 ft. above sea level, and the rate of descent of a parachute at that height is twice as rapid as 
near sea level, much too rapid, indeed, for a safe descent. Therefore, we finished by not using parachutes 
at all. Another difficulty was, of course, that of holding the breath for long enough after stepping over 
the side to retain enough oxygen and therefore enough consciousness to pull the ring. 

Another picture shows a view of the pilot’s cockpit and the extraordinary number of gadgets with 
which he had to deal. Nearly all the instruments and appliances used in this expedition were of a new or 
specially modified type for the job. Practically nothing was standard. A view of the crew and some 
description of their outfit may be interesting. Their boots, to begin with, were electrically heated, as were 
their gloves, and indeed the whole suit had electric heating wires sewn into it, all over. When I say ‘all 
over,” I should perhaps qualify it, because provision was made for the crew to be able to sit down with 
comfort and safety. 

Each man also carried a telephone, and I may say that although we had only two telephones in each 
aeroplane, we sometimes got the wrong number! The microphone was in front of the mask, and the 
earphones in each case were sewn into the helmet. The helmet had to be fitted with the utmost accuracy, 
so that the opening of the earphone was exactly opposite the opening of the ear, because the air is so thin 
at 30,000 ft. that there is not enough of it to carry the sound for any distance. Before starting from 
England we were tested in a compression chamber at Farnborough, and it was extraordinary how such 
noises as the jingling of keys carried no distance at all in the rarefied air. The goggles worn had also to 
be electrically heated. They were made of two thin sheets of triplex glass with filaments in between. The 
current had to be turned in gradually by means of a circular rheostat, in order not to crack the class. 
This warming of the goggles was important, because we found on investigation, that when Major Schroeder 
of the United States Army Air Corps made an attempt on the altitude record in America some few years 
hefore, his goggles came off, and, in consequence, so it is reported, his eyeballs became frozen solid. 

By the time the whole outfit was fixed up, and the observer had his five cameras and spare spools and 
other things, T believe that he was connected to his aeroplane and cameras by means of twenty-two different 
leads and conductors, and it was difficult for him to move without strangling himself. 

We had two aeroplanes. The first is shown ready for her trial flight at Yeovil, with its thousand 
watt dynamo, and a big broad propeller, with the blades set at a very big angle. Below the engine is the 
oil cooling radiator. It might be thought that in such regions as Everest no cooling device would be 
necessary, hut we soon discovered that where the air is very thin so few molecules of the air come along to 
carry away the heat that a cooler has to be introduced of about normal size. 

The researches, tests and organisation took a whole year, from February, 1932, to February, 1933, 
and finally we got two aeroplanes shipped to Karachi, whilst the personnel went out by air, some in their 
own Moths, and some, like myself, in the comfort. of Imperial Airways. Incidentally, we passed over 
Crete where, as classical scholars will remember, civil aviation had its birth—I refer, of course, to the 
early experiments of Daedalus and Icarus. The machines were assembled and erected expeditiously at 
the R.A.F. station at Karachi, at a temperature, by the way, of 100 degrees in the shade. One vertical 
photograph which J may show at this point is of considerable interest. It includes an area of country of 
no less than 36 square miles, and was taken on a test flight at a height of 80,000 ft. It brings out 
extraordinary detail, including the main line of railway going from Karachi up to Lahore, also the old 
fortifications in the desert, the dry river-bed, the desert scrub, the aerodrome of the Royal Air Force, 
and their barracks and sheds. 1 put it on to show of what amazing detail modern photographic survey 
is capable. Nine-tenths of the world is not mapped with any sort of accuracy; even nine-tenths of the 
British Empire is not mapped. yet we cannot have any modern economic progress, neither railways, canals, 
nor town planning, without a basis of maps. This will serve to show how wonderfully air photographic 
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survey can be the hand-maiden of the progress of civilisation. Here we have 36 square miles mapped 
with remarkable accuracy, and photographs like that are taken at the rate of about three a minute. All 
the parts of the world still unmapped have for the most part a clear sky, free from the clouds and mists 
which hamper air survey in England. This same photograph includes a picture of the biggest building 
in the world, namely, the airship shed originally built for the ill-fated R101 which was wrecked at 
Beauvais. The only purpose the building now serves is that the troops at Karachi can play two games 
of football at once in the shade. 

After a fortnight’s work at Karachi, in the very efficient hands of the R.A.F., we started on our three 
hops across India from the extreme west to the extreme cast. The first hop was to Jodhpur, 500 miles 
from Karachi, in the centre of an immense desert. The city is dominated by a wonderful medieval 
castle surmounting a crag, and everything is almost as it was in the fifteenth century, but not quite, 
because the progressive Maharajah has created an air port which would be a credit to any western 
European city, and flies constantly himself. 

The next day we flew to Delhi, and the photograph shows an impressive picture of the majesty of 
Imperial Delhi seen from the air. We received most cordial hospitality from everyone from the Viceroy 
downwards and our expedition had the honour of being inspected by His Excellency. 

Our third hop took us over the great dusty plains of India to Purnea, 200 miles north of Calcutta. 
‘The inhabitants here had never seen aeroplanes before, and the local rajah sent his elephants to greet US, 
as you see. Northwards from here, the independent kingdom of Nepal stretches up to the crest of the 
Himalayas, where we have the frontier of Tibet, and this leads on to Everest. One of the great difficulties 
of the expedition was the independence of Nepal. Nepal had never before, I think, been traversed by a 
European, so we had to get permission from the King and Prime Minister of Nepal. On the Tibetan side 
our difficulties would have been very great, because that side is inhabited by Tibetan demons and demonesses 
who are not air-minded.* Therefore we had to abandon that. The southern slopes however, are inhabited 
by Hindu gods and goddesses who are apparently friendly, pleasant people, and someone remembered that 
one of the ancient Hindu demigods, Krishna, had constructed and flown an aerial chariot, which made 
things much easier. When, finally, somebody suggested that our chief pilot, Lord Clydesdale, might be 
the reincarnation of Krishna, permission was readily forthcoming. 

It is 158 miles from Purnea to Everest, first over Chamlang, then Lhotse, which is one of the peaks 
of Everest, and then Makalu to the east. ‘The course was from south to north. On arrival at Purnea, we 
found that although the technical difficulties had been surmounted by British designers, and the political 
or theological difficulties had been surmounted by the person who remembered that Lord Clydesdale might 
be a reincarnation of Krishna, and the financial difficulties had been surmounted by the generosity of 
Lady, Houston, we were Up against meteorological difficulties which it seemed impossible to defeat. A 
wind of great strength blows from west to east ab an altitude of 25,000 to 80,000 ft. That meanta greatly 
inereased fuel consumption. Our planes had been based on a wind of 30 or 40 miles an hour, and we 
found every day reports of winds at anything up to 90 miles an hour. 

Here I should like to show an infra-red photograph that was not taken on the main flight to Mount 
Kyerest, but on a subsidiary flight. It was taken at 20,000 ft., and shows Makalu at a distance of well 
over 100 miles. The peak was invisible to the naked eye or at any rate was merely @ microscopic speck 
obscured by light clouds. 

Our big infra-red camera has a certain amount of interest. It was not, of course, used, on account of 
its weight and bulk, during the main Everest flights, but on subsidiary flights. It was fitted with a Cooke 
lens, kindly supplied by Messrs. Taylor, Taylor and Hobson, of 25 ins. focal length, and was far too big to 
handle in the air, therefore it had to be fixed to the machine in the undercarriage, pointing forward, whilst 
the dark slides were inserted by. the observer lying prone and putting his head and shoulders through the 
floor of the machine. ‘This was a somewhat precarious proceeding, but I managed to bring it off. 

The alignment of the camera on to the object was carried out by the pilot, who had sights which were 
co-ordinated with the centre line of the camera, which, in turn, was parallel to the centre line of the 
machine, all but for an angle of 6 degrees downwards, which was made to allow for the angle of climb. 

The illustration shows the camera being fitted in between the two halves of the undercarriage, in the 
space originally provided by the makers for the carriage of a torpedo, which was one of the duties for which 
the Houston Westland was originally designed. This is another case, perhaps, of changing swords into 
ploughshares—torpedoes into infra-red cameras. We had to do a lot of experimenting hefore we got it quite 
right and, curiously enough, | found that horsehair pads were preferable to any form of rubber to absorb 


*A picture of the non-airminded ‘Tibetan demon was shown on the sheet. 


vibration. Another great difficulty was that oil from the bottom cylinder blew straight on to the lens. 
1 provided a flap to go over the lens whilst taking off, but this stuck in the oil and would not go back 
before landing and so immediately we returned to the aerodr mies, I found, to my dismay and horror, that 
the lens was completely covered with oil. However, to iny surprise, | found that this made not one jot or 
tittle of difference to the quality of the photographs. Perhaps this is one of the properties of infra-red 
photography. 

At last, with a better wind report of 58 miles an hour, we made our start. After about twenty 
minutes there swam into our eyes a most beautiful view of Everest and Makalu, the peaks appearing of 
almost incandescent whiteness, surmounting a purple line below, and meeting the intensely blue sky 
above. I show you a number of photographs taken as we approached nearer and nearer to the mountains 
and giving more and more detail. Makalu, with its sharp lines, has been called “the armchair of the 
gods.” We see Everest with its plume of ice, the great cliffs on the south face, and beyond it the 
mountains of Tibet are beginning to show. There proved to be three south peaks of Everest. One of 
my pictures was taken when the aeroplane was only a few minutes away from the top, and it shows the 
great southern cliffs, believed to he the greatest “hanging rocks” in the world. As the aeroplane 
approached the peak, the plume left the summit and swirled down to the south as though Everest had 
dipped her ensign. We came immediately into a vast eddy of wind and lost 1,500 or 1,700. feet. of 
height in a few seconds, but thanks to the reserve power of our fine engines and the great skill and 
nerve of Lord Clydesdale, we scraped over the summit of the south peak. T really thought the crest. of 
the mountain was going to hit us. 

My next photograph is taken looking down on to the summit. Here is the highest point in the 
world. The ice plume must be due to a vortex of wind which sucks up the moisture from down below 
and projects it down-wind. Immediately over the summit we came into the plume, and so violent was 
it—being composed of large particles of ice—that the windows of the cockpit were broken. 

I show also a view of the mountain from the north-east side. You observe the series of white cliffs 
on the south-east face. At these high altitudes the light had an amazingly penetrating effect, probably 
ascribable to ultra voilet rays. It made its way through the dark slides of the camera, and I had to w ap 
up every dark slide in two coverings of black paper and place them in black boxes with spring lids 
immediately after use. (The lecturer here showed a succession of pictures taken on this expedition, and 
indicated on the mountain the paths taken by the climbing expedition). Those who have seen Byerest 
at close quarters as we did from the air, with'a hurricane swirling about it, are the readiest of all to pay 
tribute to the amazing courage and hardihood of the climbers. 

My next photograph is of Makalu with its extraordinary hollow and the great ridge. Whilst taking this 
photograph, Mr. Bonnet stepped on his oxygen pipe and broke it, but while suffering great distress and 
pain, and eyen fainting, he managed to patch it up again and continue his work. 

After this first flight, while we were satisfied with the still and Cine pictures, we were not satisfied 
with the vertical pictures taken for map purposes, and so we decided to make a further flight. In the 
interval the two reserve pilots made an expedition to Kangchenjunga, about 80 miles east, and here I show 
an infra-red photograph of the Kangchenjunga group. The cloud cap of Kangchenjunga is something 
quite different from the ice cap of Everest. 

For the second flight, we had again to get permission from the authorities in Nepal, and I show you 
a few photographs taken including some of Darjeeling from the air, Permission haying been obtained, 
we started on the second flight, which took place on the 19th April. The wind was then over 80 miles 
an hour, and we could not fly straight to the mountain, and we had to fly first to the westward for a 
100 miles and then turn roughly N.N.E. to get the wind behind us during the second “leg” of the 
course, This procedure was successful, and this time we flew over the main southern ridge of Mount 
Everest, connecting the summit with Lhotse, its southern peak. Incidentally, this led us to the 
discovery of the existence of the immense westerly wind which sweeps along at those great heights 
apparently across the whole of Asia, for most of the year. There is little doubt, that in time to come, 
this will be one of the great Trade Winds of the world, and our discovery of it may have far reaching 
economic results. If it had not been for the existence of the wind, we could not have got to Everest at 
all on that day, because, as it was, the flight involved covering something like 400 miles, which was as 
much as our fuel capacity could run to. 

This question of fuel capacity was another of the major anxieties of the flight, because, naturally, 
to reach the summit of the mountain. we had to take every gallon of fuel very carefully into account, 
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from the point of view of weight. There was no margin, and these high wind velocities meant that we 
had to consume a great deal more fuel than was anticipated. Fortunately, this was compensated for by 
the unlooked for efficiency of the aeroplanes as flying machines at the great heights, where they encounter 
so much less “drag” than in the thick air of the sea leveis. 

By the courtesy of Messrs. Gaumont British, I show an enlargement from the film, and this will 
give you some idea of the quality of the film which would stand enlargement up to such a size. This, 
we believe, is going to turn out to be a close-up of the hitherto unknown western face, and as there are 
other photographs, forming stereoscopic pairs, it will be possible to map that face from these photographs. 
When the experts have these big glaciers properly plotted on the map, they will rank pretty high for size 
among the glaciers of the world outside the polar regions. 

We hastened, in breathless anxiety, to develop our vertical photographs, and, to our great joy, they 
came out extremely well. Each one overlapped with the next, and the strips were continuous, contrary 
to the forebodings of the experts, and, what is more, they each included pre-determined triangulated 
points which could be identified on the existing maps, with which, therefore, our strips could link up. 

It is, perhaps, the most gratifying result of the success of our expedition that 1t has demonstrated 
what we set out to prove, that no terrestrial obstacle exists on the globe which cannot be surmounted by 
the aeroplane and its survey camera, the prime instrument of exploration and of science. 

In this way, indeed, the aeroplane must become one of the most important handimaidens of 
civilisation, for, without good maps, there could hardly be an economic civilisation as we understand it. 
The engineer could not plan his railways, his canals, his town schemes, and hardly even roads, without 
the basis of maps, but not least important is the fact that land settlement and land tenure demands good 
maps for its very existence, and secure land tenure is a prime essential of law and order in any country. 


At the conclusion of the lecture, the President of the Staff Association, Mr. E. W. BLocksIDGe, 
said :—We have been very anxious about the opening lecture of the Centenary Session owing to the 
importance of this year in the history of Lloyd’s Register. As you know, in the game of golf it is of 
great importance to secure a good drive from the first tee, and I think you will all agree with me that 
we have been most successful in our object to-night. 

We are deeply grateful to Sir George Higgins for his continued interest in the work of the Staff 
Association, and, in regard to Colonel Blacker, I would like you to know a few facts. He is in great 
demand all over the country for his lectures. He was in Scotland in the early part of the week, in Leeds 
last night, and travelled overnight in order to deliver this lecture before the members of the Association. 
He has come to us without any personal expense to the Staff Association, and I want you to give him a 
good expression of your thanks in the usual way, after Dr. Dorey, our past. President, seconds the 
resolution. 

Dr. Dorny.—lIt only remains for me to second Mr. Blocksidge’s vote of thanks to Sir George for 
ably presiding at our meeting this evening, and to Colonel Blacker for his kindness in delivering his 
interesting and delightful lecture. I have very much pleasure in seconding the vote of thanks. 

CoLoNEL BLACKER, in replying to the yote of thanks, said:—I am very grateful to you; and | 
thank you on behalf of the members of the expedition for the honour you have done us in listening to 
me to-night. 


The Committee of the Staff Association desire to express their thanks to Mr. H. H. Blackloch, the 
Secretary of the Royal Photographie Society, Lt.-( ‘olonel Kenneth Mason, the Editor of “The Himalayan 
Journal” and The Duxbury Lecture Bureau, for the use of the illustrative blocks and manuscript, and to 
“The Times” for permission to publish certain illustrations. 
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One of the most important auxiliaries on board heavy oil-engined ships is the air compressor. Its 
purpose is the delivery of the compressed air necessary for the service of heavy oil engines: (a) for fuel 
injection, and (}) for starting and reversing. In earlier times when air injection of the fuel oil was 
generally used, the air compressors for this purpose were mostly driven directly by the main engines and 
of such dimensions that the surplus of air supplied by the compressor could be used for filling up the 
starting air vessels too. The air pressure necessary for the injection of the fuel oil must amount at least 
to 60 atm. (= 854 Ibs. per sq. in.). But for starting and reversing, air pressures not exceeding 30 atm. 
(= 427 Ibs. per sq. in.) suffice, reduction of the high pressures of 60 atm. being obtained by means of 
special reducing valves fitted to the pipe connections in question. This, however, meant work uselessly 
done, and in addition to this, higher costs and weights for compressors and air vessels which had to be 
constructed more strongly in order to resist the higher working pressure. These high pressures caused 
further troubles and break-downs of air compressors in service occurred more frequently, in this way 
increasing the maintenance costs too. The improvement of the fuel oil pumps and atomisers was a great 
advantage to all those concerned in marine engineering, as it got rid of the blast air compressors, this 
being a consequence of the now commonly adopted direct injection of the fuel oil into the working 
cylinders of the heavy oil engines. Nowadays, air compressors coupled directly to the main and auxiliary 
engines are still in use, but their purpose usually is to produce the necessary air for starting both, and 
reversing the former. The best solution of the various designs in this respect is the independently driven 
auxiliary set, consisting of a heavy oil engine coupled directly to a generator and an air compressor, all 
three parts of the set mounted on a common bedplate. Heavy oil engine and generator are directly 
coupled, whilst between generator and air compressor a clutch coupling is fitted. A disadvantage of such 
an arrangement is that the generator must run as well under load as under no load, whilst the compressor 
is in service. Difficulties sometimes arise if ranges of critical speeds of the three component parts of such 
a set coincide, but it is possible to overcome these difficulties by calculating the various ranges of the 
critical speeds beforehand and removing the criticals from the working speed by alteration of the scantlings 
of the shafting, additions of weight, etc. The great advantage of this arrangement of auxiliaries is the 
possibility of using quick running machinery, in this way considerably increasing the total economy. 
Utmost reliability of working with a minimum of attention necessary, easy access to all working parts, 
little wear and tear and in consequence few repairs are some of the conditions which an efficient air 
compressor must fulfil. ; 

Therefore, the testing and inspecting of air compressors at the works of the manufacturers is a very 
important and interesting task. The strain in the walls of air spaces in service for instance, caused by 
fluctuations of pressures and temperature, produce tensile and bending stresses in the frame work and bed 
plates, demanding a material of first class quality for the construction. Tensile and bend tests for cast 
iron are not prescribed in the Rules, but an occasional glance at the scrap heap behind the foundry of the 
makers will be of some use and sometimes tell a story. There one may find pieces of broken and scrapped 
air cylinders, frames, covers, bedplates, etc., of air compressors, from the fractures of which one can indge 
fairly well as to the quality of the material generally used in constructions by the firm in question. If 
the quality of the cast iron of the broken pieces is found very coarse grained with free graphite coarsely 


interspersed in the micro structure, having in this way a striking resemblance to a grey pig iron, steps 
should be taken to urge the manufacturers to reform their foundry department and to improve the quality 
of their material. 

Information should also be requested from the manufacturers of the air compressors or their sub- 
contractors, if these latter supply the castings, regarding the temperature obtainable in the cupola furnaces 
of their foundry, percentage of scrap steel given to the charge, composition of the material and, in general, 
all about the whole working process during their manufacture of iron castings. Also with a material con- 
taining more than 3 per cent. C. the addition of certain amounts of scrap steel in conjunction with 
consequent higher melting temperatures, gives excellently refined graphite and thereby improved strength 
properties of the material. 

The suggestion of certain scientific circles with respect to testing cast iron should also be mentioned 
here :—If for instance the results of tensile and bending tests of cast iron are not found satisfactory, it is a 
generally adopted practice to make metallographical investigations, in order to detect the real source of 
the failure. Therefore, the micro structure might be taken primarily as a basis for the judgment of the 
quality of a cast iron instead of tensile and bending tests. 2 any case a metallographical investigation 
would be less expensive than preparing tensile and bending test samples. The samples for metallographical 
investigation can be trepanned from any important place of a casting, showing exactly the same conditions 
and state of structural formations as that part of the casting itself. Whilst with tensile and bending test 
samples cast on the casting or in separate moulds, the formation of the grain structure and also the 
strength properties will be quite different from those of the casting in question, resulting from the different 
cooling down conditions. Therefore it has been suggested that a number of standard micro photographs 
with the corresponding strength values of the material printed on them should be prepared for comparison 
in lieu of the use of tensile and bending tests, in order to judge the quality of cast iron. (Fig. Li, Plate I.) 

The uniform thicknesses of the walls of a casting intended for air compressors must be verified to see 
that they are according to the drawings, and this can be carried out fairly well by means of hammering the 
walls with a small test hammer. Where possible, this sounding test should be carried out by placing the other 
hand on the opposite side of the wall and so examining the thickness of the material from the vibrations 
resulting from the blows struck by the test hammer. Cracks in the iron castings can also be found in this 
way. They appear mostly at those places where comparatively thin walls are not sufficiently strengthened 
by ribs. Though in way of abrupt changes of cross sections there seems to be less liability to cracking 
with cast iron, these changes should still be avoided, in order to prevent tensions and accumulations of 
material. Particularly are these latter responsible for blow holes and spongy appearance. On those 
places where the thinner walls become earlier frozen during the cooling down period in the mould than the 
thicker ones, the flow of the liquid metal to the thicker walls is not able to replace the loss of volume 
caused by the contraction, so that holes and pores are formed. Abrupt changes of sections cause the 
material of thin walls, having a more rapid rate of cooling down, to form a finer grained microstructure 
in contrast with the adjacent material of thicker walls. Here in these bordering ranges stresses will appear 
in the material liable to form cracks. Regarding the cracks and their various causes it may be said that 
the more a ferritic cast iron approaches the perlitic form of its microstructure, the more attention must be 
given to the solidification conditions in the mould during the cooling down period. Also the bed plates 
of air compressors should be frequently stiffened by ribs in order to resist bending stresses more easily, In 
this connection it may be of some interest to know that it is the custom of some inspectors of a foreign 
government to employ a kind of portable brinell testing device (system Poldi-hammer). All over the 
whole surface of the cast iron parts small places are thoroughly cleaned and impressions made by means of 
this device. A small portable microscope is used to verify the diameters of the spherical impressions. 

Air spaces and water jackets of the cylinders and covers of air compressors must be submitted to 
hydraulic tests. This is best done after all the parts are finished in the shops, but before coating and 
painting. It is advisable to keep the parts under hydraulic pressure for at least half an hour or preferably 
more before inspecting them thoroughly. In this way sufficient time is given for the water to penetrate 
perfectly into all the pores of the material, so that leakagcs can be more easily detected. The most likely 
place where leakages will most frequently appear is where chaplets are fitted in order to support the 
core of the moulds during casting, and these are mostly between the comparatively thin outer walls of the 
cylinder and air space water jackets. Chaplets are best made of soft steel, or, bettcr, wrought iron, cleaned 
thoroughly from rust, grease or acids, and afterwards carefully tinned, so that at the melting point of the 
cast iron they will be perfectly welded into the metal, thereby preventing any possibility of leakage by 


formation of gas during the solidification of the casting in the mould, Castings of air compressors having 
by chance such leakages on inner walls of air spaces or other important places should be rejected, as repairs, 
in any form whatever, be it by caulking, copper pins, cast iron screwed pins, electric or autogenous welding, 
etc., are liable to give way under the combined strain of high pressure and changing temperatures. When 
inspecting castings intended for air compressors, traces of waterglass are sometimes found in the corners 
of the casting. This is a very bad thing to find and stricter attention will be necessary during the 
inspection. Castings like these should also be rejected, even if they are found tight and sound at the 
official hydraulic tests, as one never knows for sure after such a treatment with waterglass where the 
leakage really has been concealed, and of how serious a character it may have been, 

Pipe connections between the single compressor stages and their corresponding air coolers are mostly 
solid drawn 8.M, steel pipes, very seldom copper pipes, bent in a hot state, or, if bent cold they should be 
annealed at a proper temperature and not in the smith’s fire as is frequently done. The pipe connections 
in service may attain nearly blue heat in the high temperatures of the compressed air, in this state being 
sensible to cracking on account of re-crystallisation effects if not annealed, Formations of folds and untrue 
diameters in the bends of the pipes can be avoided by some care when bending the pipes. Hammering 
the pipes along the bends at blue heat with a steel hammer is a very bad treatment and should be 
prohivited for the above reason. The bends must meet the flanges rectangularly. (Fig. A, Plate I.) If 
this is not the case, then the bend having an oval cross section is forced into the circular hole of the flange 
and, as in service vibrations of the piping generally appear, is liable to cracking just on the point of 
contact where the wall of the bend meets the sharp edged metal of the flange hole. On the other hand, 
if the bend of the pipe fits slackly into the hole of the flange, the whole strain must be sustained by the 
hard solder, in the case of the flange and the pipe being brazed. In case of expanding by means of a tube 
expander the walls of the pipe will be expanded ununiformly and consequently will be far more easily torn 
off on account of their ununiform thickness. When carrying out the latter operation of tube expanding, 
attention must be paid that sharp edged grooves caused by the rollers of the tube expander on the inner 
walls of the pipes be avoided. These grooves furthermore cause notch effects in the material of the pipes 
already brittled by the expanding operation. 

The hydraulic test pressures of a three-stage air compressor as generally used on board ships for 
working pressures of 30 atm. (427 lbs. per sq. in.), are the following :—Water jackets of the L.P., M.P. 
and H.P. stages, water jackets of covers, passages, valve casings and air cooler casings 6 atm. 
(85°4 Ibs, per sq. in.). Air spaces of L.P., M.P. and H.P. stages, separators, cooler coils and cooler 
heads 6 atm. (85°4 lbs. per sq. in.), 25 atm. (355-6 Ibs. per sq. in.) and 60 atm. (854 Ibs. per sq. in.) 
respectively. Pipe connections are hydraulically tested to three times their corresponding working 
pressure, ‘The inspection and testing of the tubular air coolers must be done twice, cast iron casines and 
coils separately on account of the different working pressures of water and air spaces. A special device 
(Fig. B, Plate 1) for this purpose will be necessary as the coils, on account of the higher working pressures 
of the M.P. and H.P. stage, cannot be hydraulically tested in their corresponding casings, as their cast 
iron walls would not resist the hydraulic pressures necessary to test the M.P. and H.P. coils. One end of 
the cooler coils is designed in such a way that a free expanding motion is possible for the whole tubular 
system according to the changing temperature in the cooler. This end of the coil is tightened in the 
cooler casings by means of a stutling box or some rubber packing rings. For air cooler coils Cu.—Ni. 
tubes which are tested and inspected by the Society's Surveyors at the manufacturing works are generally 
used. The tubes are expanded in the tube plates by means of a slightly tapered punch Attention 
should be given that the finished tube plates together with the ends of the tubes are not tinned prior to 
the official inspection and hydraulic tests. Leakages appearing in porous material of the tube plates and 
on badly fitted tubes cannot be so easily detected when tinned. The tube plates are frequently made 
of under water bronze which, as is generally known, is very inclined to formation of pores when east. On 
the other hand a tin layer would not prevent leakages reappearing after a certain time in service. 

Important accessories are the oil and water separators fitted to the lower ends of the air cooler casings 
of each stage. From time to time during service the condensed water and oil must be blown off, otherwise 
the cooling surface would be diminished. 'The compressed air when leaving the various stages should not 
assume temperatures exceeding 100°C, (212° F.) which in the following cooler will be cooled down to about 
45°C. (113° F.) or even less. It is essential, in order to obtain efficient and safe working of an air 
compressor, that the compressed air is cooled down as low as possible, since with insufficiently cooled air 
the next stage would suck up the residue of water and lubricant absorbed in the hot air far more easily, 


in this way causing dirty valves and piston rings. In order to maintain low air temperatures during 
longer periods of working, the coolers must be overhauled and thoroughly cleaned from time to time, as 
otherwise the cooling effect would decrease considerably. Also, with the most economical lubricating of 
the air compressor, it is impossible to prevent the oil from getting into the cooler air spaces and forming 
an oil film on the cooling surface of the coils. In consequence of this, the thermal conductivity of the 
tube walls is reduced, the compressed air becomes highly heated, the lubricating oil vaporises, and in this 
state gets into the air bottles. Oil vapours together with the compressed and highly oxygen saturated air 
forms explosive mixtures, which would explode if conditions were favourable. Further, the solid residue 
of the lubricating oil stored up in the form of a layer on the walls of the pipings may become red hot in 
the overheated air. In this way accidents have frequently occurred. ‘The temperature of the compressed 
air in the cylinders should in no case exceed 200-250" C, (392—482° F.), as the copious oxygen contents of 
the compressed air cause burning of the lubricating oil far earlier. The lubricating oil used for cylinders 
and pistons should have at least a flash point of about 300°C. (572° F.). The compressed air is badly 
cooled if, through leaky coils, the compressed air gets into the cooling water spaces of the cooler, in this 
way removing the cooling water from the coils and preventing an efficient cooling effect. Those types of 
tubular coolers are preferable where the compressed air flows inside the tubes, and the cooling water 
outside them. With this system of cooling the compressed air is divided into a great number of single 
jets, so that a more perfect contact with the cooling surfaces is obtained. The cooling water and the air 
must have a mutual counterflowing motion to each other within the tubular system. In this way a 
uniform difference of temperature throughout the cooler is obtained. Intermediate cooling of the 
compressed air also reduces the power required for driving the compressor, as will be explained later on, 

Apart from the safety valves fitted to each stage, further safety valves are sometimes fitted to the 
water spaces of the air coolers, in order to prevent the high air pressures from getting into the cooling 
water spaces, if cooler coils become leaky. Usually, however, instead of safety valves another device is 
provided for this purpose, consisting of thin white metal safety diaphragms appropriate in their thickness 
to a pressure of 4—5 atm. (57-71 lbs. per sq. in.). These diaphragms are fitted to the cast iron casing of 
the air coolers. If the pressure in the water jackets rises to a dangerous point these diaphragms will 
burst, thus releasing the pressure. Safety valves fitted to the cooler casings are preferable of course, but 
more expensive to manufacture. 

The pistons of air compressors are made of cast iron having elastic cast iron piston rings with one 
or two scraper rings on the lower end of the L.P. piston. The rings must be fitted in their grooves in 
such a way that they can be moved in every direction, but restrained bya pin. If fitted together with the 
pistons into the cylinders, a gap should be left open between the joining ends of the piston rings which 
with medium sized air compressors should amount to about 1°5 mm, (0°059 in.) for the L.P. stage, 13 mm. 
(0°051 in.) for the M.P. stage, and 0:4 mm. (0°0157 in.) for the H.P. stage. The sharp edges of the 
scraper rings are put downward, in order to prevent the lubricating oil in the crank sump from getting 
into the air spaces of the L.P. cylinder. Lubricating the L.P., I.P. stage pistons or the crosshead by the 
oil thrown upward by the rotating crank is not a good practice, as the residue of the lubricant may score 
the cylinder walls. The lower cylinder should be provided, as well as the other ones, with a separate 
lubricating device or connected to a central lubricating oil pump. A forced lubricating oil system is 
preferable, also for the bearings, but rather expensive, cog wheel pumps mostly being employed for this 
purpose. They are fitted in the crank case and worked from the crankshaft by means of a toothed wheel 
or chain drive. The vil pressure in the forced system-amounting to about 1-1°5 atm. (14*2-21°3 lbs. per 
sq. in.) is regulated by means of a spring loaded return flow valve. Also central lubricating oil pumps, 
for instance the Bosch type, are frequently used, if a drip lubricating system is employed. Sometimes a 
cooler coil is introduced into the sump in order to keep the lubricating oil temperature as low as possible, 
also special oil filters are sometimes provided. 

Connecting rods and crankshafts from 60 mm. (28 in.) diameter onward are ordered from steel works 
recognised by the Committee and tested by the local Society's Surveyors. The material of these engine 
parts must also be of first class quality, as the high pressures cause bending and torsion strains in the various 
sections of the crankshaft. Connecting rods and bottom end bearings are always made in two parts, so 
that liners can be fitted for adjusting the piston clearances. The further survey of an air compressor 
takes place in the usual way by inspecting the true alignment of all working parts and general workmanship. 

Among the most important working parts of an air compressor are the suction and delivery valves. 
Even slight valve troubles reduce the working capacity of an air compressor considerably. Their 
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adjustment therefore must be done with care, for instance, with respect to the free section of flow. If the 
velocity of the air drawn in is to be maintained constant, it is necessary that the section of the valve lift 
of the suction valve in each position of the piston automatically adjusts itself in proportion to the 
corresponding piston velocity. If the velocity of the air became less this would not matter. But in the 
contrary case a pressure below the corresponding suction pressure would appear, resulting in a kind of 
nozzle effect if the velocity of the air is increased when passing the suction valve, turbulence of the air at 
this place, and consequently an augmented resistance would be caused. Suction valves should open 
exactly at that point where the pressure of the re-expanding air remaining from the previous compression 
stroke falls in the clearance spaces and in the cylinders to the suction pressure. Therefore, the suction 
valves must be made as light as possible in weight, closing quickly with a slight audible metallic click, 
but not before the external air pressure or the air pressure of the previous stage is reached in the cylinders 
and just at that point where the piston commences its compression stroke. The lift should be such that 
the air flows through the suction valve and adjacent passages in a coherent jet, as thick as possible. The 
flow of the air should not be reduced to a thin layer by a narrow lift of the suction valve or by a faulty 
design of the passages. This would cause the air to be more easily pre-heated on the hot walls, for the 
suction passages are a great deal warmer than the external air, or the air sucked up from the previous 
stages and cooled down in the corresponding cooler. The more the flow of the air drawn in is divided into 
single jets, the greater is the surface of contact. with the | ot walls of the suction passages. This rise of 
temperature of the inflowing air must be avoided at all costs. The diameter of the suction valve should 
be comparatively small, in order to get the bearing surface of the valve face as small as possible. For the 
above reasons, in order that the valve may close when the piston commences its compression stroke and 
open when the suction stroke begins, the resistance of the suction valve spring must be correspondingly small. 

The delivery valves must work in the same way as the suction valves having a lift of such dimensions 
that losses of energy through throttling effects are avoided. The stronger valve springs are adjusted here 
according to the compression pressure desired. Contrary to the case of the suction valves, where the 
motion is far more uniform and gradual as the opening takes place just where the piston velocity towards 
the end of the stroke is a relatively rather small one, the opening of the pressure valve takes place more 
suddenly in proportion and according to the quantity of air to be discharged. But this sudden opening is 
necessary in order to give at once a sufficiently free section to the whole amount of compressed air to be 
discharged during the comparatively small displacement period of the piston stroke. This motion of the 
pressure valve is sometimes indicated in the indicator diagram by the rise of the compression line above 
the displacement line in the form of a little pointed wave which, however, disappears if the lift of the 
pressure valve is reduced. The same little wave, but far smaller, can sometimes be observed for the same 
reason, in the opening of the suction valve after the re-expansion period (Fig. M, Plate I). Generally, the 
lift of the suction valve can be adjusted greater than the lift of the pressure valve, due to its uniform 
motion, so that hammering does not occur so easily. Hammering of the valves is caused mostly by too 
great a lift, dirty valves causing pinching, too weak springs or a faulty design of the valves. The valve 
lift can be adjusted more narrowly, the greater the speed of the compressor. 

In a single stage air compressor for instance, the compression temperatures above 5-6 atm. (71°0- 
85°2 Ths. per sq. in.) compression pressure rise towards the top dead centre of the piston stroke up to such 
a height that efficient lubrication of the piston in spite of cooling of cylinders and covers is scarcely 
possible. Apart from this the high temperature of the air would increase the bad effect of the clearance 
spaces, increasing the losses, and in consequence the power required for driving the compressor too, if its 
capacity is to be maintained. With multi staged air compressors these disadvantages are avoided, as the 
intermediate cooling of the compressed air in the coolers after each stage reduces the temperature of the 
air considerably. Therefore, the influence of all losses caused by re-expansion in the clearances, leaky 
valves or pistons, pre-heating of the air drawn in, is less with this latter type of compressor. 

The operation of a multi staged air compressor (Fig. OC, Plate 1) is-as follows:—The air is drawn in 
with p, pressure having the absolute room temperature of T, = 273 + t°C. (= 459°6 + t°F.). In the 
L.P. stage the air is compressed to p, having then T, absolute temperature, in the following L.P. cooler 
the compressed air is cooled down to about T, again, whilst p, is kept the same. In the next M.P. stage 
the air is drawn in from the L.P. cooler with p, and T, and compressed to p, and T,, cooled down in the 
M.P. cooler to p, and T,, etc. 

With air compressors the above-mentioned clearance spaces are of great importance. The total 
amount of clearance spaces should not exceed 3-4 per cent. of the volume swept by the piston. 
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If during the compression the heat developed is eliminated in the same degree as it is generated we 
have isothermal compression, the course of the compression line in the diagram being more declined. If 
during the compression the heat generated is retained in the compressed air, the course of the compression 
curve is more inclined, the compression then being called adiabatic (Fig. E, Plate 1). These two courses 
of the curves are the two limiting cases. Really, in practice, the course of the compression curve will be 
neither of them, but rather polytropic, being almost adiabatic however. The most favourable working 
conditions would be obtained if the compression could be as isothermal as possible, ie., at an equal 
temperature during the whole compression stroke (Appendix 3A). But practically and economically this 
is not possible as the generated heat cannot be completely eliminated by means of the cooling water. 
Isothermal compression requires the smallest amount of power. The quicker the speed of an air 
compressor or the less the cooling effect of the water jackets, the more the compression curve approaches 
its adiabatic form, heat being constantly generated, but not eliminated (Appendix 3p). There may be 
some types of small air compressors where the cooling effect of the water jackets is more effective, so that 
the compression curve is more in the vicinity of the isothermal. As said before, generally the compression 
curve will take on the average a polytropic course (Appendix 3c) with values for the exponent of 
compression fluctuating between 1 and 1:41. For medium-sized compressors the average for n = 1°36. 

Contrary to the compression, where an isothermal course would be preferable, the re-expansion during 
the first part of the suction stroke of the piston should be adiabatic, the re-expanding air assuming with 
this course temperatures as low as possible during the suction period. If the cooling effect is a good one, 
then the influence of the clearances causing losses is small. The temperature during the suction stroke 
will drop more or less to the temperature of the external air or the cooled air of the previous stages so 
that not only the suction passages are fairly cooled, but the remainder of the air in the clearances too. 
That means the suction losses become less the cooler the air is kept when entering the suction passages. 
Whilst with isothermal re-expansion due to inefficient cooling the final temperatures will be far above the 
temperature of the air drawn in, so that even at the beginning of the suction period, by contact with the 
hot walls of the inlet passages and mixing with the remainder of the hot air in the clearances, the weight 
of the air drawn in is already reduced. The various exchanges of heat should balance each other mutually. 
That means that at the beginning of the re-expansion a supply of heat to the cooled cylinder and cover 
walls takes place, whilst at the end of the re-expansion there is absorption of heat from the hot piston. 
In consequence of small turbulence of the air at these places the transmission of heat will be small. 
Therefore, also the re-expansion will be polytropic, but in most cases unfavourably in the vicinity of the 
isothermal. 

The area of the theoretical diagram (Fig. E) indicates the power required by a single stage air 
compressor assumed to be working without losses during one piston stroke, having at one time adiabatic 
and another time isothermal compression and re-expansion. The shaded area between these two curves 
indicates the power which could be saved, if with isothermal compression the generated heat could be 
perfectly eliniinated by means of the cooling water. ‘The most effective cooling must take place on covers 
and air passages, whilst the effect of the cylinder cooling is less with modern air compressors on account 
of the great piston velocity. Cover cooling has chiefly the purpose of keeping the passages cool, in this 
way preventing pre-heating of the air drawn in. Therefore, the cylinder jackets have only the purpose of 
cooling the running surface of the cylinder walls and of preventing the disagreeable radiation of the heat 
from the cylinder walls in service. The greater the dimensions of an air compressor, the less effective is 
the cooling of the cylinder walls, as the quantity of air to be cooled increases in the 3rd power, but the 
cooling surface only in the square. The water jackets have a similar but opposite purpose to the steam 
jackets in a steam job, Contrary to this with air compressors the temperatures of the walls must be 
reduced, heat eliminated from the compressed air and excessive generation of heat prevented, the volume 
of air diminished and thereby the power required, too. 

The difference in the theoretical diagram of a three-stage air compressor gives an idea of the amount 
of work saved in comparison with a single stage air compressor. This share of work saved is considerable, 
as the volume of air drawn in by each higher stage in comparison with the final volume of the previous 
stage is diminished by the cooling effect of the corresponding cooler, whilst the weight of the air is the 
same. Therefore dividing up the whole process of compression into several stages means that less power 
is required for the same work done. ‘The more stages, theoretically, the more favourable is the work done 
per unit of volume of compressed air delivered, Further, a higher volumetric efficiency and degree of 
delivery aré obtainable (Fig. D). 
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These two conceptions, volumetric efficiency and degree of delivery, are very often mixed up, but they 
should be distinguished from each other. The former indicates the ratio of the volume of air drawn in to 
the volume of the piston stroke without taking into account any losses, therefore it does not indicate losses 
of energy caused by leakages or change of temperatures during the suction period. The volumetric 
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efficiency is determined by the ratio of the distance = in the indicator diagram (Fig. F, Plate I). This 
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is a convenient but by no means exact method of determining the volume of air drawn in. The indicated 
work done by drawing in the air could be regarded as the volume of stroke swept by the piston in the 


unit of time of one second multiplied by the volumetric efficiency “, a8 indicated in the indicator 


diagram, but this would not be correct. Or only if valves and piston rings close perfectly tight and this 
will very seldom be the case. Due to these leakages, however, less compressed air is discharged into the 
discharge pipe line. But these leakages unexpectedly cause a steeper curve for the re-expansion line in 


the indicator diagram, in other words the distance 8, IS increased so that the ratio—~ is improved, but 


in this way only an apparent increase of the volumetric efficiency is caused. Really the air drawn in 
re-flows into the suction spaces. Therefore this method is not exact. A calculation of the volumetric 
efficiency would be possible, of course, if the real value of the polytropic exponent n, temperature and 
volume of the clearances were exactly known. For this latter purpose for instance the clearance spaces 
must be filled up with water, in order to get their volume in litres or any other equivalent (Appendix 4 8). 
The volumetric efficiency decreases with increasing compression pressure and volume of clearance spaces. 
Therefore it depends on the ratio of final compression pressure to initial compression pressure. With 
higher compression pressures the distance s, in the diagram becomes smaller than with lower compression 
pressures (Fig. G), so that dividing the whole compression process into several stages each having then 
relatively a smaller ratio of final compression pressure to initial pressure is for this reason, too, more 
profitable. Therefore, the greater the above ratio of pressures within one and the same stage, the less 
favourable becomes the volumetric efficiency. Assuming for instance the clearance to be x % of the 
volume swept by the piston and the final pressure after the re-expansion to be p atm. absolute, then 
n 
the distance s—s, swept by the piston must at least amount to x/p —x=s—s, in %, measured on the 
atmospheric line. The distance s—s, in the diagram therefore represents that part of the piston stroke 
lost for drawing in the air by the adiabatic re-expansion in the clearance spaces. If s—s, is smaller than 
n 

the above value x/p —x, then leakages in the suction valves are present. As said before, the ratio 
= is improved, causing only an apparent increase of the volumetric efficiency. 

The real capacity of an air compressor can only be determined by direct measurements of the weight 
of air delivered in the unit of time, or of the corresponding volume of air referred to the temperature 
and atmospheric conditions of the external air when drawn in. This is usually prescribed in the 
specifications. Then the volume of air really drawn in, divided by the volume swept by the piston, gives 
the degree of delivery, this ratio being smaller, of course, than the yolumetric efficiency, as here all the 
losses are included (Appendix 5a). The volume of air theoretically drawn in corresponds to the volume 
swept by the piston and is with multistaged compressors, as well as with single staged ones, equal to the 
area of the L.P. piston multiplied by the stroke. Or, expressed more exactly, the degree of delivery is 
the ratio of the weight of air really drawn in to the weight of air drawn in by an ideal compressor 
without any losses caused by clearances, friction resistances and heated parts (Appendix 5s). For the 
judgment of the quality of an air compressor one must take into account not only the volume of air, but 
also its temperature and pressure, and this not only at the beginning of the suction stroke, but also at the 
end of the compression stroke. This is the weight of air really drawn in. The degree of deliver 
depends so much on the tightness of all those parts of a compressor which are intended to prevent the 
re-flowing of the air into suction spaces or externally, and last, but not least, the degree of delivery is 
also reduced considerably, as already mentioned, if, owing to bad cooling effects of covers and suction 
passages, the air is pre-heated when drawn in, which, however, cannot entirely be prevented. All other 
leakages increase the power required, but do not influence or deteriorate the degree of delivery. It can 
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also be expressed by =" but reduced by : — y with the distance t corresponding to the resistance of the 


suction valve, i.e., the distance swept by the piston before the volume of air has assumed the external 
pressure ; y is equal to the volume of air lost by leakage of pistons and valves (A ppendix 6). 

Generally the rativ of the pressures for a three-stage air compressor of 30 atm. (427 Ibs. per sq. in.) 
working pressure is:—L.P. 1—2°5 to 2°8, M.P. 1—3°5 to 3°8and H.P. 1—3 to 3°5 the ratios of the areas 
of the pistons are L.P./M.P.=3—1 to 3°3—1 and M.P./H.P.=3°5—1 to 3*7—1. Volumetric efficiency and 
degree of delivery are also influenced unfavourably, if the work and the pressures are not uniformly 
distributed upon the single stages. 

Apart from the volumetric efficiency and degree of delivery, the isothermal and the adiabatic 
efficiencies are also sometimes determined for a more perfect judgment of the qualities of an air compressor. 
These two efficiencies are the ratio of the work done by isothermic or adiabatic compression and the 
amount of energy, i.e., power required necessary for doing this work (Appendices 7 and 8). 

Further, there should be mentioned the mechanical efficiency of an air compressor as the ratio of the 
previously mentioned indicated work done, determined by means of the indicator diagram, to the power 
required. The mechanical efficiency indicates the losses caused by friction. The indicated work done is 
determined in the usual way, the mean indicated pressure being ascertained by means of the planimeter 
from the indicator diagram. The mechanical efficiency is also determined approximately as ratio of the 
thermal compression work to the power required. But this is less exact, as the losses by radiation, etc., 
are not exactly determinable. The real quality of an air compressor cannot be judged solely by the single 
efficiencies, as for instance adiabatic or mechanical efficiency, but both combined give the real work done 
(Appendix 9). 

The determination of the power required by an air compressor is mostly carried out electrically by 
means of the electric motor intended for driving the compressor afterwards in service, or if this electric 
motor is not available, or if the compressor is to be driven afterwards in service by a heavy oil engine or 
steam engine, the power required is determined by means of an electric motor prepared by the 
manufacturers of the compressor for this purpose on the test bed. 

By simultaneous measurements of the quantity of air delivered, temperature and pressures in suction 
and discharge pipe lines, and further by analysing the indicator diagrams taken, the whole operation 
within an air compressor can be ascertained fairly well. The determination of the volume of air actually 
drawn in, referred to the condition of the suction state of the external air as is usually prescribed in the 
order, and also the degree of delivery can be carried out in various ways, but always based on the 
determination of the weight of air discharged into the discharge pipe line. This is best done on the test 
bed of the makers. Also from the point of view of the purchasers the test bed trials are the best means 
in order to convince themselves that the air compressor meets the requirements of the order with respect 
to quantity of air delivered, pressure, power required, efficiency, safe working and general workmanship. 

The most simple proceeding, of course, is to pump up by means of the compressor under test the air 
yessels intended for the engine room outfit in question. For one will be anxious to know on board ship 
within what time the air compressor is able to deliver the desired quantity of air and the desired air 
pressure for starting and reversing, no matter under what atmospheric conditions, room temperatures and 
moisture of the air this may be carried out. In order to ascertain whether the requirements of the order 
are met exactly, other methods must be adopted. For instance, pumping up air vessels of any other 
capacity also gives inexact results, as one can observe by using air vessels of varying sizes. The quantity 
of air delivered in a certain unit of time will fluctuate considerably owing to the various temperatures and 
cooling down conditions caused by radiation losses on the surface of the air vessels. Therefore this 
method of pumping up air vessels, even provided their exact capacity is known, as it is generally carried 
out with gradnally rising pressures observing within certain units of time temperatures and pressures, is 
“ather inexact, as a perfect state of inertia of all the factors necessary for the judgment of the air 
compressor, for instance temperatures and pressures, is not obtainable. In the beginning of the pumping 
up process, the air vessel being empty, the compressor works against lower pressures than at the end of the 
test, when the air vessel completely is pumped up (Appendix 10). 

A somewhat improved method is, provided the exact vapacity of the air vessel used is also known, to 
fit a throttling valve in the discharge pipe line between air compressor and air vessel. The compressor in 
this way is working continuously against a constant pressure, assumes a perfect state of inertia with respect 
to its temperatures and pressures, thus being independent of the gradually rising pressures and temperatures 


Within the air vessel, when filled up. With this method, however, a constant regulating of the throttling 
valve must take place. Therefore a measurement only of the temperature of the air when entering the air 
vessel will not suftice, but in order to get correct results of tests it is necessary to measure the temperatures 
of the air contents in the air vessel at various places, the average of these temperatures being used for the 
calculation of the quantity of air delivered. This is a real drawback of this method of filling up an air 
vessel, as a more or less uniform temperature of the air throughout the air vessel is not obtainable owing 
to the rising pressure on one hand and the drop of the temperature in the air vessel by radiation on the 
other hand ; and an approximately average temperature for the determination of the volume of air delivered 
being of no use (Appendix 11). 

It should be mentioned that for a more exact determination of the volume of air delivered, the 
percentage of moisture of the air must also be taken into account, as the relative moisture at the beginning 
and at the end of the test are different from the moisture of the air when drawn in. This is important 
but only for an exact comparison of the results of tests obtained with various compressors tested on various 
days. In this way the volume of air delivered has been determined as if only perfectly dry air had been 
drawn in during the various tests. But introducing the humidity of the air is not very usual here, as the 
results of tests are only unfavourably influenced to about 2-3 per cent. of their value. Dainp air has a 
greater specific volume, but a smaller density than dry air at the same pressure and temperature. 

Quite different from the above described methods of pumping up or filling up air vessels are the 
following methods, based upon the fact that the contraction of the free section of flow in a pipe line 
sauses a difference of the pressures at the place of contraction. This reduction can be obtained by fitting 
nozzles or throttling diaphragms in the discharge or suction pipe line, the latter proceeding, however, not 
being very usual. The circular hole, the “sharp edged orifice” as it is commonly called, in the centre of 
diaphragm, is chamfered to a knife edge, the sharp edge being on the up stream side. This orifice must 
be ina certain ratio to the diameter of the pipe line into which it is fitted. By means of reducing the 
sectional area of the discharge pipe line the velocity of the flowing air is increased at this place, and 
consequently a difference of pressure on both sides of the diaphragm arises (Appendix 12). The results 
of tests obtained are generally regarded as sufficiently exact for practical purposes. Such a diaphragm 
arrangement could be fitted without any difficulties in the discharge pipe lines on board ship. An 
indicating instrument, as for instance a U-tube fitted with a container in order to damp the pulsations; 
and gauged for this special purpose, would facilitate a continuous observation of the working properties 
of the air compressor. 

Mostly on the test beds, however, the nozzle arrangements (Fig. H) are used, and, provided exact 
preparations are made for the tests and accuracy of the readings, this method for the determination of 
the volume of air delivered is generally regarded also by the authorities as the most reliable one. There 
are, however, some scientific circles which hesitate as to which shape or dimension of the nozzle should be 
used for more exact measurings, but, for the practical purpose on the test bed, the commonly used so- 
called standard nozzle will give sufficiently exact results. Tt is advisable, however, to examine the nozzle 
used during the tests on the test bed, to see whether it corresponds in every respect to the scantlings of a 
standard nozzle. They should also not be dirty or damaged on the edges or inside, but without grooves 
and pits on the inner surface of the bore, well smoothed or even polished, as a damaged nozzle passage 
unfavourably influences the exactness of the measurements. Calibrating the testing arrangement with air 
compressors not being possible, as for instance with centrifugal water pumps, the only way to acquire exact 
results of tests is to carry out the readings as thoroughly as possible. In the same way as with throttling 
diaphragms the contraction of the free section of flow in the discharge pipe line causes a difference of 
pressure before and after the nozzle, so that the quantity of air delivered can be determined by means of 
corresponding formulas. Also here it is important that the ratio of the diameter of the nozzle to the 
diameter of the discharge pipe be vy rified to see whether they are in correct relation to each other 
(Appendix 13). 

Balancing all the factors obtained during the tests one comes to the conclusion that the whole work 
done by the power required, but transferred into thermal units, must be equal to the sum in thermal 
units of (@) the heat eliminated by the cooling water, (b) the heat absorbed in the compressed air and 
conducted to the air vessels, (¢) the heat lost by radiation, leakage, drip lubricating oil, etc. (Appendix 14). 

Before the official acceptance trials on the test bed of the manufacturers take place, an air compressor 
must run a couple of days, say at least 48 hours under full load, otherwise the measurements would be 
influenced on account of the friction losses, cylinder walls and piston rings being not yet sufficiently 
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smoothed. After this period of working it is advisable to overhaul the valves and pistons, harden up 
joints, ete., as these latter always yield when new, thus becoming liable to leakage. It isa good practice 
to paint all the joints and flanges of the pipe connections, covers, etc., with a solution of Nekal, if the 
compressor works under full load, as this solution is superior in its effects to a soap solution and more 
sensitive to the smallest leakage. When starting the official trials, the compressor being cold should rua 
for some time under no load with the main suction valve closed. This is done in order to verify whether 
the piston clearance is sufficiently great, otherwise under no load the piston would hammer against the 
cover. When running under load this hammering of the piston against the cover ceases at once, or at 
least will be softened a little, as the compressed air acts as a buffer. Also during the full load tests, the 
compressor being warm, this trial under no load should be repeated several times for the same reason. 
This hammering only then appears generally if the design of the compressor in question is nob suitably 
carried out with respect to the dimensions chosen. The latter, for instance, being too small, the volume of 
air delivered consequently does not meet the requirements of the order. Then the manufacturers are 
compelled to increase in one way or another the capacity of the compressor. Adjusting the piston clearance 
to a minimum is a very convenient, but also a dangerous proceeding. The use of this practice in order to 
reduce the losses as much as possible should be rejected, as safe working of an air compressor under these 
conditions is impossible. In such a case of unsufficient capacity of an air compressor the air spaces behind 
the suction and pressure valves, or pockets, as they are colloquially called, can also be filled up by some 
plates fitted on the valves (where this is possible, as it depends on the design of the valves). In this way 
the clearance space also is reduced a little. But on the other hand the weight of these plates added to the 
suction valves, for instance, will prevent their efficient working. 

If the determination of the quantity of air delivered takes place by pumping up an air vessel, the 
drain valve on the bottom should be opened before the trials in order to verify whether the air vessel is 
completely empty. Any quantity of water reduces the total capacity of the air vessel and the measure- 
ments would become inaccurate. The temperature of the cooling water when entering the water jackets 
of the compressor should be at least 32° O. (89°6° F.), corresponding to the temperature of the sea water 
in the tropics. Or if the raising of the temperature of the cooling water is not possible, the well 
below the test bed floor being not fitted out with a heating arrangement for this purpose, then the cooling 
water discharge valve should be closed so much that the cooling water when leaving the compressor 
assumes a temperature of about 50°C. (122° F.). This temperature will suffice in order to examine the 
air compressor under working conditions similar to those in the tropics. Running under these conditions 
for about eight hours under full load the capacity with respect to quantity of air delivered and pressures 
of the single stages should not drop, but be at least maintained, if not increased, as with gradually 
smoothing of the cylinder walls less air re-flows through leaky piston rings. Whilst the power required 
should drop a little during the trials owing to the decreasing work of f riction of all the working parts. 

If these conditions have been fulfilled during the trials the compressor can be opened out for inspection 
of valves, bearings, crankshaft, cylinder walls or liners, piston and piston rings. When the air compressor 
is set into action for the first time, lubrication should be copious, but can be reduced gradually with 
progressive polishing of all friction surfaces. A good means of testing the state of lubrication during 
service is to open the indicator cocks at each stage and to put a slip of paper in some distance from the 
cocks. After about 10-12 revolutions the slip of paper should be fairly oily. 

The causes of inefficient working of an air compressor are the following :—Leaky valve faces, dirty 
valves, whereby the section of the passage is reduced, valve seats or valve faces cracked or broken, valve 
springs slack or broken, valves badly adjusted, packing rings below the valve bodies not tight, pistons 
leaky in consequence of pinched piston rings, too great a piston clearance, air coolers dirty or air cooler 
coils leaky. Great attention should be civen to all joints, particularly to those of the higher stages. 
Therefore the number of pipe connections and joints should be as small as possible. Valve troubles can 
easily be recognised, as the pressure gauges indicate at once a change of the air pressures in the single 
stages. The pressure of a stage is raised, if the pressure valve of the same stage or the suction valve of 
the next stage does not work. A leaky suction valve of the L.P. stage causes the air to re-flow into the 
suction passage. When opening the main stop valve of the air vessel, being filled wp and under pressure 
of course, the pressure gauge of the H.P. stage will indicate a pressure before the compressor is started, if the 
pressure valve of this ‘stage is out of order. And with leaky valves of the other stages, too, the pressure 
will at once reach the L.P. stage. With leaky suction valves the adjacent suction pipe connection will 
become hot in service. If a three-stage air compressor works satisfactorily the pressure gauges must 
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indicate the following pressures :—L.P. stage 2°6 atm. (37 lbs. per sq. in.), M.P. stage 9°6 atm. (136°5 lbs. 
per sq. in.), H.P. stage 30 atm. (426°7 lbs. per sq. in.), supposing this distribution of the pressures over the 
single stages is provided in the design, Pistons should be removed and cleaned, if the capacity of the air 
compressor drops, generally indicating pinched piston rings or dirty valves, then the scraper rings are out 
of order, not being able to prevent the lubricating oil of the crank sump from getting into the air spaces, 
where the lubricating oil becomes resinous in the hot air. 

With regard to the indicator cards (Fig. M) taken during the trials there has already been 
mentioned the compression line and the re-expansion line of the indicator diagram. The little waves of 
the former are of less importance, as they mostly result from vibrations of the indicator spring. Also 
the influence of the temperature of the cylinder walls on the course of this curve is small, and 
consequently on the indicated work, too. But the influence of the temperature of cylinder walls and 
covers on the re-expansion line and suction line is greater, on the latter particularly dropping far below 
the atmospheric pressure, Great clearances cause the re-expansion line to take a more declined (flatter) 
course, thus shortening the distance s, and deteriorating the volumetric efficiency as the ratio of Ae As 
already pointed out several times :—a bad cooling of the clearances has also the same effect, heat being 
supplied instead of being eliminated. Efficient cooling of the clearances is, for this reason, essential, as it 
reduces their influence toa minimum. Of less importance than the re-expansion and suction line in the 
indicator diagram is the displacement line, provided any faults in the design of passages or valves have not 
been made. The amount of air delivered by the compressor will not be influenced in one way or the other 
if the pressure rises above the working pressure during a small part of the displacement stroke of the piston. 
As already mentioned, the reason for this increased pressure in the indicator diagram is that the 
compressed air, being heavier than the air in the following spaces, is accelerated by the piston velocity, 
which, just at the beginning of the displacement period, is at a maximum. A straight displacement line 
of course would be desirable, but is not always obtainable, the wavy appearance which can sometimes be 
observed is caused by a sudden and fluttering opening of the pressure valve, through which the heavier 
masses of the compressed air are thrown out. In consequence of this, fluctuations and turbulence of the 
air in the pipe connections between air compressor and air vessel appear. By means of a reduction of 
the lift of the valve, the air is more throttled when passing the pressure valve, the fluttering ceases, and 
the course of the displacement line will be nearly straight, but, instead of this, resistances are increased, 
‘ausing a bulging form of the displacement line, which, nevertheless, will always rise somewhat above the 
working pressure. The little pointed waves, sometimes appearing in the diagram at the beginning of the 
displacement line and suction line, i.e., where the corresponding valves open, have already been mentioned. 

It is of course desirable that at the bottom dead centre of the piston at the end of the suction stroke 
the air pressure in the L.P. cylinder should be the same as the external air pressure, but this is not 
obtainable owing to throttling and pre-heating effects always unavoidable in the suction passages. This is 
indicated in the LP. indicator diagram, the suction line being below the atmospheric line. In this way, 
raused by the throttling and preheating effects, the rarefied air not only reduces the quantity of air 
delivered by the compressor, but also increases in the same way the power required for driving the 
compressor per unit of weight of air drawn in. For a smaller weight of air drawn in, having, however, 
nearly the same volume as before, the same work must be done as with air not rarefied, but of the normal 
atmospheric pressure. Therefore an air compressor having a little volumetric efficiency would be expensive 
to manufacture, but a compressor of a faulty design which throttles and pre-heats the air drawn in is, in 
addition to this, uneconomical in service. 

Sometimes occasion arises to test and inspect scavenging blowers for 28.C.8A or 28.C.DA heavy oil 
engines. Whilst reciprocating scavenging pumps without any exception are directly driven by the main 
engines, the Root type blowers for instance can either be directly coupled or driven independently. In 
order to increase the number of the revolutions of the directly coupled Root blowers a gearing, a chain-or 
a toothed wheel drive is fitted between main engine and blower. Where independently driven, scavenging 
blowers are employed on board ships, these mostly are of the impeller wheel type, sometimes called turbo 
blowers. But this is not correct as the blading is similar to that. of a centrifugal water pump and not 
similar to that of a steam turbine. A disadvantage of this latter type is noisy working. Cast iron 
casings and cylinders, also forgings as piston, shafts, etc., of scavenging pumps and blowers are tested 
and inspected in the usual way, the hydraulic test pressures not exceeding 2 atm. (28°4 lbs. per sq. in.). 
The displacers of the Root blowers as well as the impellers of the centrifugal blowers must be balanced 
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together with their shafts in a balancing machine. Balancing on knife edges will not be sufficiently exact, 
as the clearances between the single displacer bodies with the Root blowers is exceedingly small and the 
speed of the centrifugal blowers is such a high one (about 3,(00 r.p.m.) that only the most carefully 
balanced rotary parts will prevent a break-down. In addition to these balancing tests the impellers of 
the centrifugal blowers must be submitted to overspeed tests. These tests are ‘arried out in a special 
testing arrangement, consisting of electromotors for driving and gearings, in order to run at all the 
necessary speeds. The impeller to be tested is installed in a chamber lined with heavy wooden beams, 
closed by heavy doors, so that accidents cannot occur in case the impeller is damaged during the tests by 
the centrifugal forces. Before the overspeed tests take place the outer diameter of the impeller, the outer 
diameter of the nave and the bore are verified by means of a micrometer. After the overspeed tests the 
same diameters are verified again, no permanent stress of the material being permitted. Further, the 
riveting of the blading must be carefully inspected after the overspeed tests, as sometimes rivets hecome 
slack. 

Testing an independent blower on the test bed of the makers is carried out in a similar way as with 
centrifugal water pumps by means of a nozzle arrangement (Fig. K). Throttling more or less the discharge 
valve fitted in the discharge pipe line of the blower each time with the speed kept constant, the necessary 
conditions of working are produced with pressure and volume of air delivered simultaneously altered. The 
corresponding values of the various pressures and volumes delivered are then plotted in a co-ordinate 
system (Fig. J). If this proceeding is carried out in the same way for several speeds we get: the character- 
istic of the blower showing its behaviour over a wide range of various working states. Similarly as with 
centrifugal pumps there is a relationship between the various p-v curves. Also the curves of equal 
efficiency have a parabolic course theoretically, and practically assume the well known oval form. The 
characteristic of the discharge pipe line, which shows the relations of the pipe resistances to the values of 
p, v, and n, if changed, is also parabolic, as the resistances increase in the square of the speed and volume 
delivered. The working state of guarantee, ie., the duty point required in the specification where the 
blower afterwards shall do work in service, should be exactly in the region where the characteristic of the 
pipe resistance M and the parabola of the best efficiency P meet the p-v curve. The duty point must 
always be on the declining part of the p-v curve, the maximum pressure point p exceeding the normal 
pressure at least to 10 per cent. between 3 and 4 load. Then the working of the blower will be stable, or, 
on the contrary, the working would be instable, if the duty point is on the inclining part of the p-v curve. 
Then pulsations in the discharge pipe line appear, the so called “pumping” of the blower which will have 
a bad influence on the uniform working of the heavy oil engine in question. This “pumping” of the 
blower, of course, is connected with fluctuations of the power required for the blower. The power required, 
speed and volume of air delivered, referred to the conditions of the suction state or the condition of the 
external air, air pressure produced and efficiencies are the items prescribed in the specifications. The 
adiabatic efficiency with blowers is also the ratio adiabatic compression of the discharged air to the 
power required (Appendix 15). 

‘A check as to whether the determination of the volume of air delivered by means of the nozzle 
arrangement on the test bed was correct, is possible afterwards in service with the heavy oil engine for 
which the scavenging blower is intended, as the whole amount of scavenging air passing through the 
engine can be ascertained by means of the exhaust gas analysis (Appendix 16). 
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APPENDIX. 

Dm. 3°28 fo, 

1 m*. = 10°76 sq. ft. 

1 ltr, = 0-22 imp. gallons. 

Lm, = 30-3 Cub: fb. 

1 atm. (metric)= 1 kg.fem’.= 10,000 mm. W.C.= 10,000 kg./m?.=735°5 mm. hg. at 0°C.=737°4 mm. 
at 15°C, = 2,048 lbs. per sq. ft. = 14°22 Ibs. per sq. in. 
B x 13,596 


-— ; B=bar. pressure in mm. he., normal 760 mim. 
1,000 ey 
, 


Barometric pressure in kg./m*.; p, = 
hg. = 29°9 in, he. 

Absolute temperature T = 273 + t°O. = 459°6 + t° F. 

Regnauld’s coefficient R = 29-27 


)-27 for dry air, 29-4 for air of medium moisture. 
Yrantt : : ay ers Reais : 
Specific volume of the air = volume of 1 kg. air in m&/kg.; v, = Par? 1 m.*/kg. = 16 cub. ft./Ibs. 


As Sy : ; ae I Yo 
Density of the air = weight of 1 m*. air in kg./m.*; y= = nin 1 kg./m*. = 0°0624 lbs./eub. ft. 


t 
1 H.P. (metric) = 0°9863 H.P. 


Mech. equivalent of heat A = pr 427 m./kg. = 1 kcal, 1 H.P. (metric) = 632 kcal. 

Spec. heat at constant volume cv = 0°169. 

Spec. heat at constant pressure cp = 0°238. 

k= Ply 

. — cy —_— . 

Terrestric accelleration g = 9°81 m.|sec’. 

1 caloric unit = 3°97 B.T.U. 

Normal scavenging pressure = 07133 kg./cm?’. = 1°33 atm. (metric) absolute = 1,330 mm. W.C. = 
97°9 mm. he. 


A.—Recrprocatinc Ark CoMPRESSOR. 
(1) Temperature of the compressed air in the cylinders : 


Tl 
: ad eee ; X = 1 for isothermal compression. 
o ° 
x = 0°2908 for adiabatic compression. 
x = 1:156 for adiabatic compression with t° F. and p in Ibs. per sq. in. 
T, = abs. temperature of the air drawn in in °C. 
T, = final abs. temperature of the compressed air in °C. 
Po = pressure of the air drawn in in kg./em*. 
Pi = final pressure of the compressed air in kg./em*. 
(2) The free section of flow in the valves : 
f =F—inm’. 
Ww 
F = area of the piston in m’. 
Bist taney Mee ere 
30 = Piston velocity in m./sec. 
s = stroke in m. 


n = rev. per min. 
velocity of the air in the valves in m./sec., assumed to 30-40 m./sec. 


= 
= 


(3) The course of the compression curves is determined by : 


i . Fi 
(a) a = V. , isothermal compression. 
° 1 
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NE OTE : 
(b) Pa Cale adiabatic compression. 


Po r 
) Vi ; F 
(¢) E = (v3) polytropic compression. 
°o 1 
V,, = initial volume in m*. 
V, = final volume in m*. 
Po = initial pressure in kg./em*. abs. 
p, = final pressure in kg./em’. abs. 
k = exponent of the adiabatic compression = 141. 
n = exponent of the polytropic compression fluctuating bebween 1-I41 
(4) The volumetric efficiency is determined by : 
Bee : i aa : 
(@) yor = ce distances s, and s in mm. in the indicator diagram. 
1 
vi rte Po\n 1 
(b) calculated yo = 1 — vV.+V, x 100%; Vi = Vo () ; 1 = — = y, ; 
V, x 100. rol 
clearance space oh in % of the volume V,. 1 
5 i 
log p 


‘ o 
V, = volume of air in ltr. under the pressure pi: in kg./em’., polytropic re-expanded in the 
clearances to the volume V, in ltr. and the pressure p, 1n kg.fom?. 


V.= ; (D? — d*) s = volume in ltr. swept by the piston. 


Vi = volume of the clearance spaces in ltr. measured by filling up with water. 
Pp. = abs. pressure of the air drawn in in kg.fem”. 
pi =abs. compression pressure in kg.fem’*. 
T, = abs. temperature of the air drawn in in °C. 
'T, = abs. temperature of the compressed air in °C. 
: : n—1l 
n = exponent of the polytropic re-expansion (see formula 1) x = ~~ 
(5) The degree of delivery : 
al 
o o 
atk Sieeie s 
G = weight of the volume of air delivered in kg. 
v, = spec. volume of the air drawn in in m*/kg. 
V, = volume swept by the piston in m*. 
V, = volume of air delivered in m*., referred to the atmospheric conditions. 


me a 
@ eV CET BEY 


Ee No pe hi ee 
eles 
( = weight of the volume of compressed air in kg. in the H.P. stage. 


G, = weight of the volume of air swept by the piston in kg. in the L.P. stage. 
Yo = density of the atmospheric air in kg./m’. 

= density of the compressed air in kg./m*. in the H.P. stage. 

= volume of the compression space in m’ in the H.P. stage. 
V, = volume swept by the piston in m*. in the L.P. stage. 


T, = abs. temperature of the external air (room temperature). 
T, = abs. temperature of the compressed air in the H.P. stage. 


Pp: = compression pressure in kg./m®. in the H.P. stage. 
3 B x 13,596 : 
Pp. = abs. atmospheric pressure in kg/m. = — 7909 3 B = barom. pressure in mm. hg. 
, 


(6) Relations of Vy, V,, V and V,: 


(a) Vy, = F x c in m‘Jsec., quantity of air theoretically drawn in. 
F = area of the L.P. piston in m’. 


* , “i 8 
¢ = average piston velocity in m./sec., ¢ = " * for da.; c= 60 ’ for 8.2. 
(od) Vy= Vg x Mot in m’. |sec., volumetric quantity of air ays in. 
(c) V = Vo, x Xin m‘sec., quantity of air really drawn in. 
ry 
Jo Tr, 
(2) Vig Xs Viy iy (7) in m*/sec., quantity of air discharged. 
(7) Indicated power required : 
; Pcp, . : . 
(a) single stage compressor, N, = 7, in H.P. (metric.) 
: 


HeCapsemitienc Uy shy nor Ty 
(b) three stage compressor, N, = a Dy +— Pi + pees 


F = area of the pistons in em’. 
Pp; = mean indicated pressure in kg./em’, 
¢ = piston velocity in m./sec. 


(8) Determination of the power required and work done : 
volt. x amp 
736 

m = efficiency of the driving electro motor. 
N x 75 x 3,600 


@) power required determined electr. N = m,, in H.P. (metric). 
I } 7 


(b) power required in keal/h : N, = 


427 
(e) work done by adiabatic compression (three stage compressor). 
k—1 k-—1 
_ k Pi k T, k Ps\ kk 
ta PVoray[()  —t] +e ea) 2] 
k-1 
Ts k re : 
+ eg PT ae i [ (2) Te Spe 1| in mkg./h. 


V, = initial volume in m‘./h = volume air delivered. 

P, = initial ree in kg./m*. ‘aieaiaed to ean pressure B Ratios of compression : 
L.P. stage = ~ LP. stage = = *, HP. stage = 

T,, = abs. temperature of the external air. 

T, = abs. temperature after the L.P. cooler. 


T, = abs. temperature after the I.P. cooler. 
(@) for the isothermal work done L,, is k = 1, for the polytropic work done is k = 1-1°41. 


¥ ; a: ea La, 
e) work done by adiabatic compression in H.P. (metric) L',, = = 
y I x 8,600 


(9) Efficiencies : 
(a) adiabatic efficiency referred to the indicated power required : 
ma = X 100 in % 
(b) total adiabatic efficiency referred to the power required : 
Bg , 
ma = X 100 in % 
(c) mechanical efficiencies : 
N—-F, ae 
Nmech =~ R_ X 100 in % 


16 
ae volt x amp 
friction work F, = ——yae a 

736 


fe — 7 . 
Nuech — 100 = (eas x 100) in ony Ti a= 


losses by radiation. 
Ni ar 
Nmech = WH x 100 in % 
(d) total efficiency : 


nm in H.P. (metric) at no load work. 


Lua Lia X x 


= = ete : 
497 + 797 x 100° X in % =allowance for 


icra N; 
mM = Mra X Nuecn = W * N 
(e) friction work also is : 
Be Np ea 
(10) Determination of the quantity of air delivered V by means of pumping up air vessels, provided the 
capacity of the air vessel exactly is known. 


5 Vv x p x 38,600 x 60 

V in m*/bh.= — 2 ae i 
t[sec t/seu 

V,= capacity of the air vessel in m’. 

p = final working pressure in kg./em”. 


t = time in sec. 
y = number of revolutions during the time of measurements. 


V.= V5 = volume of air delivered V recalculated to the speed n, prescribed in the specification. 
1 
N = power required, see 8A. 


n\3 : : ; ee gs 
Ni=N sy = power required N recalculated to the speed n ,prescribed in the specification. 
1 


If the temperature in the air vessel during the tests changes, then V, must be referred to the 


ne rae rel 
conditions of the external air: it is V.= Vi (Bat) 
o | 
(11) Determination of the quantity of air delivered by filling up an air vessel, the compressor working 
against a constant pressure. Provided an exact average temperature of the air in the air vessel 


has been ascertained. 


1 = Ri density of the quantity of air in the vessel before filling up. 
1 


n= wi density of the quantity of air in the vessel after filling up. 
2 


G, = Vey, weight of the quantity of air in the vessel before filling up. 

G, = Vyy, weight of the quantity of air in the vessel after filling up. 

p, = initial pressure in kg./m*., py = final pressure in k»./m’. 

V,= capacity of the air vessel in m*., v.= spec. volume of the external air. 

G = G, — G,, weight of the quantity of air filled into the vessel. 

V,= Gy,, quantity of air filled into the vessel, referred to the condition of the external air, or 
ices: Ws ey 1 


° T; a Po T, 

(12) Determination of the quantity of air delivered V by means of a throttling diaphragm (sharp edged 
orifice), fitted in the discharge pipe line, but without considering the moisture of the air and 
frictions in the pipe lines. Farther using a reduction of the free section of the discharge pipe 
line which causes only differences on both sides of the diaphragm not exceeding 100 mm. 
(=3% in.) water column. Then the volume of air flowing in the unit of time through the 
discharge pipe line is : 

V =a Fc in m'. sec, 


Z 2g (iP) 


— \ = ae in m,|sec. 
2 


(13) 
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: : d\2 
a = 0°625 + 0°950, depending on the ratio m = (p 
3 = Vy =aF 2g (Pi — p) y_ in kg./sec. 
d = diameter of the orifice in mm. 
D = diameter of the discharge pipe in mm. 
F = area of the orifice in m’, 
F, = area of the discharge pipe line in m*. 
¢ = average velocity of the air in m./sec. 
a = discharge coefficient. 
Veeesy) eee “i ne : SETHE 
3 = average density of the air before and after the diaphragm. 
p : 3 Pi 
= pom apin ke./m? an = pmo 
y R(T +o) g./m* and y, R(T +4) 


Pi = pressure before the diaphragm in kg/m’. 

Pp = pressure after the diaphragm in kg./m’. 

Pi — p = difference of pressures in ke./m? or in mm, water column. 
G = weight of the air delivered in ke. 


ny 


The relations of the discharge coefficient a to the ratio yr and herewith the mutual dependence of the 
1 


factors F, a and ¢ too, can be plotted in a curve system, so that graphically intermediate values 
q Ii) 1 

van be interpolated. It is, for instance, a = 0°85 for F = yp & = 0°95 for F = 3-0] &te 
1 ae 1 “ 

The coefficient @ contains the influence of the kinetic energy which depends on the above ratios. 


Determination of the quantity of air delivered V by means of a nozzle arrangement. If the ratio of 


: : ) : 
the pressures on both sides of the nozzle is greater than £ = 0°9, then the alteration of the 


1 
specific volume of the air when flowing through the nozzle can be neglected. The volume of air 
delivered is : 
V =a Fc in m‘Jsec. 


) c Fe & : : : ) 
Mae a/R T, 2g (1 - mas this formula is identical to ¢ in 12, for y inserted ny 
i 
0-948 0-948 


a yaa or a7 ~ 7d\4 
1—() -(p) 

T, = abs. temperature before the nozzle in °C. 

I’ = area of the orifice in the nozzle in m’. 

Pi = pressure before the nozzle in kg.Jem?. 

Pp = pressure after the nozzle in kg./em?. 

F = area of the discharge pipe line in m?. 

Neglecting some minor factors as for instance the friction of flow in the orifice of the nozzle, further 
assuming that the velocity of the air before the nozzle has a value of zero in comparison with 
the velocity of the air within and after the nozzle, further inserting the value of R = 29-4, 
instead of 29°27 for air having an average moisture, we get the very handy formula : 
0°3964 a F p, 


JT 

i = weight of air discharged in kg./sec. 

F = area of the nozzle in em’. 

pi: = pressure before the nozzle in mea abs. 

T; = abs. temperature in °C. before the nozzle. 

a = coefficient of discharge. 

In the above formula already the adiabatic expansion caused by the increase of the velocity of the air 
when flowing through the nozzle is taken into account. ‘The generated energy is obtained at the 
expense of the energy of pressure. 


The yolume of air delivered referred to the atmospheric conditions is V = & v, m*./sec., Vo = 


18 


Po 


= spec. volume of the external air in m*./kg. 


(14) Balance of heat : 


(15) 


(a) temperature of the ¢ 


ovling water inlet = t °(,, temperature of the cooling water outlet = t, °C. 
X 3,600 . 


Quantity of cooling water X in ltr. measured in y seconds is Q = —2— in ltr. |h. 


The quantity of heat eliminated by the cooling water then is Qy = Q (ty — ti) keal.{h. 


(b) the temperature of air drawn in is t, °C., the temperature of the air after the H.P. cooler is 
t, °C. The density of the air at t = 0° C. and normal barometric pressure B = 760 mm. 


B x 18,596 


é ) : . - 
hg. isy = Ri P= 1.000.” kg./m*. The normal density y of the air, referred to the 


atmospheric conditions in question at t, °C. temperature and B, barometric pressure is 
wk 


Y= Tot. 
The specific heat of 
compressed air 


1 
es) 
the air at constant pressure is cp. The quantity of heat conducted by the 
to the air vessel is Q, = cp 7: (te — t,) V in keal.[h., V = measured quantity 


of air delivered in m*./h. 


(c) the quantity of heat lost by radiation is Q.=N.—(Qe + Q) in keal./h., Nae? Ben keal./h. 
B.—Scavencine Pump oF THE INDEPENDENT CENTRIFUGAL TYPE. (See K. Plate 1.) 
volt x amp 


Power required N = 


736 X tus Nm = efficiency of the driving electr. motor 


Revolution per min. = 0. 


: 4 : B x 18,596 . 
Barometric pressure B in mm. hg. = atmospheric pressure Po = 9° in 6mm. W.C. or kg./m’. 


Specific volume of the ai 


1,000 


Riorteny 
oy, = — i m'./kg. 


° 
Room temperature t, °(,, abs. room temperature T= 973: +t, 0. 
Suction pressure p, in mm. hg. =p; 18,596 in mm. W.C. 
Absolute suction pressure p': = Po — Pi in mm. w.c. 
Temperature in the suction pipe t °C., abs. temperature T, = 273 +t, °C. 


Final pressure (dynamic 


pressure) in the discharge pipe p. in mm. hg. = py 13,596 in mm. w.c, 


Absolute final pressure p's = Po + Ps» in mm. wW.c. 
Final temperature t, °Q., abs. final temperature T, = 273 + ty °C. 
' 


Ratio of the pressures =) 


P2 
Pi 


Pressure before the nozzle p; in mm. hg. = Ps 13,596 in mm. w.c. 
Absolute pressure before the nozzle p's = Po + Ps in mm. W.c. 


Pressure after the nozzle 
Absolute } 


py in mim. hg. = py 18,596 in mm. w.c. (static pres.) 
sressure after the nozzle p's = Po + Ps in mm. W.c. 


Difference of pressures before and after the nozzle Ap = Ps — Pr 
Temperature before the nozzle ts °C., abs. temperature T; = 273 + tye Ge 


'The volume of air discharged : 


V in m’Jsec. =a F 


Coefficient of discharge a = ——7——7 4 4 
J 1- (5) 
D 


Cc. 
0-948 


d = diameter of the nozzle D = diameter of the discharge pipe in mm, 


Section of the nozzl 


e Fin mm. 


C. 
oe : alk 7 Pa k—1 
c= a/R TG [1- = al 


ra eee Vee 
Weight of the air discharged G = y in kg.|sec. 

? mts Rete. 
Spec. volume of the air discharged vy = > m*/ke. 


Ie = a =141 R=294 g=9-81 m/sec’. 


Volume of air drawn in and referred to the atmospheric conditions : 

V, =G y, in msec, or directly : 
The volume of air discharged referred to the suction state is : 

— 9276 ) a D Ale ‘ 4 
V, = 23,736 F a tx 7 in m’./sec. 
3 1 

Using this latter formula for V, the following inexactnesses should be corrected : 

Ap in mm. w.c. 200 500 1,000 2,000 

V, too much 0°35 ys 0°55 % 0°75 ¥ 1:00 % 

Vi pcp (te— t;) 56791. 


Work done N = 2 i a H.P. (metric). 
1 


Work done by adiabatic compression Nya =) k — 1 [ () ee i 


Reet 5 ee N, 
Adiabatic efficiency 7,3 = Y 


Re-calculation to the guaranteed speed n,. 


; n n\2 : Bs 
Volume delivered V, = V n,? Pressure p, = ee » power required N; = N () 
1 1 ; 


(16) Volume of air in m*. theoretically necessary for the complete combustion of 1 kg. fuel oil : 
I V. C H O 
sce EN (5 +7 — 89 
Linin IS referred to O°C. and 760 mm. hg. barometric pressure, as the volume V, of 1 kg. Oxygen is 
= 22-4 m*. at O° C. and 760 mm. he. 
Lin Preferred to the room temperature t and the barometric pressure B in question is : 
L I 760 273 + t° 
4 min = Unin he x 273 + O° 
The composition of the fuel oil is G, H and O in decimals of 1 ke. weight. : 
The contents of the exhaust gases in decimals determined by means of the exhaust gas analysis are 


21 
CO., N, and O,, then the surplus of air is s = O, 
21-79 
N, 
If N is the output of the main engine in B.H.P. and f the fuel consumption in kg. per B.H.P./h, 
: ; $ : ee ING Sele 
then the quantity of scavenging air passing through the engine is Vy, = 3 600 in m*./sec., 


referred to t°C. room temperature and B mm. hg. barometric pressure. 
The volume swept by the pistons of the main engine is = V, in m*,/sec. 
Seats .  (Vz—Y,) 
The surplus of air in ¥% is = aE Ae 100. 
s 
The quantity of scavenging air V,, determined in the above way and the quantity of scavenging air 
V or V, determined by means of the nozzle arrangement must be rather equal, deviations of the 
results of course unavoidable owing to inexact readings, leakages, incomplete combustion, etc. 


TUBULAR | COOLER / 
COOLING WATER 


BS. $6 922 


\ SATA 2 rye ine =. y Se fATM = QEEF mm 
eens ee < at ee 


PEATEs! 


Not Etched. x 50, Etched. 
DISTRIBUTION OF GRAPHITE. A, MICRO STRUCTURE. 


CAST IRON OF VERY ORDINARY QUALITY. 


B.S. 24 kg./mm?. B. 6 mm. T.S. 12 kg./mm?. B.H. 160. 


Not Etched. X 50. KNtched, 
DISTRIBUTION OF GRAPHITE. B, MICRO STRUCTURE. 


CAST IRON OF ORDINARY SOFT QUALITY. 


B.S. 28 kg./mm?. B. 6 mm?. T.S. 14 kg./mm?. B.H. 120. 


PLATE Il. 


x 300, 


X 300. 


Not Etched. 50. Etched. 
DISTRIBUTION OF GRAPHITE (6% MICRO STRUCTURE. 


CAST IRON OF GOOD QUALITY. 


B. 7 mm. T.S. 18 kg./mm?. B.H, 175. 


B.S. 34 kg./mm?. 


Not Etched. X 50. Etched x 300 
DISTRIBUTION OF GRAPHITE. D. MICRO STRUCTURE. 
CAST IRON OF FIRST CLASS QUALITY. 
B.S. 46 kg./mim?. B. § mm. T.S. 22 kg.;mm*. B.H,. 185. 


PLATE Ill. 


Not Etched. X 50. Rtched. X 300, 
DISTRIBUTION OF GRAPHITE. E. MICRO STRUCTURE. 


CAST IRON OF EXTRA FIRST CLASS QUALITY. 


B.S. 60 kg.jmm?. B. 10 mm. TS. 35 kg.jmm?. B.H. 230, 


PE ATES IV: 


Dee de 


ae 


DISCUSSION ON Mr. SDROWOK’S PAPER 


ON 


AIR COMPRESSORS FOR OIL ENGINES. 


KE. W. Biocxsrpan (President). 


Gentlemen, it is not my desire to make any remarks at the opening of this paper, but to leave them 
until the beginning of the discussion. The writer of the paper is not here tonight, but Mr. Lockney has 
been good enough to introduce the subject and proposes to read portions of the paper with the purpose of 
creating a free discussion, so I will ask him to carry on straight away. 

Before requesting members to take part in this free discussion, I desire to say that this is the first 
opportunity I have had of thanking you for the honour conferred upon me by making me president of 
this Association. When the election took place, some of my more intimate colleagues assured me that this 
was the beginning of the end of the Association, but the Committee have thought otherwise and are doing 
their best to defeat their imaginations and have arranged a very interesting syllabus for an important 
year when we are celebrating the centenary of the re-constitution of Lloyd’s Register. 

I am sure we are greatly indebted to Mr. Lockney for undertaking the work of reading another 
person’s paper, and so trying to interpret the thoughts of the writer to our minds tonight As Dr. Dorey 
is pressed for time with other business to complete this evening, I will ask him if he will be good enough 
to open the discussion. 


Dr. 8. F. Dorey. 


I should like very much to add a few words of appreciation to Mr. Sdrowok for the very interesting 
paper that he has given us. It has been my good fortune to meet Mr. Sdrowok on one or two occasions, 
and I have been able to follow his work with interest. 


He has given a lot of time to the preparation of this paper, and I am quite sure that it behoves us to 
give the whole matter very earnest consideration. He has brought a lot of facts to our notice, which, 
although they may be practices that have come within the author's experience, nevertheless, are worthy of 
our close attention, and, whether we look at the paper from a technical or practical point of view, much 
will be found of interest and which I doubt could not be found elsewhere, except by searching through a 
mass of publications. 


Now, like most of you here this evening, I am in the unfortunate position of not having had time to 
read this paper as carefully as I would have wished, seeing we have only had it in our possession for such 
a short time, but when I first saw the paper and the number of illustrations, I thought it would not 
be very long. Looking more carefully into it, however, I found there was very much more than anticipated, 
and confess to finding myself in a difficult position in trying to discuss in such a manner as I should like 
to the various points he has raised. There are, however, one or two things on which brief remarks might 
be made. 


Mr. Sdrowok has raised the point regarding the testing and inspection of air compressors. So far 
as the Rules of this Society are concerned, there is nothing laid down very definitely as to what one 
should do, but I think it will be found in most works of repute that a considerable amount of testing and 
inspection is done by the Surveyors. Mr. Sdrowok has also raised points in regard to the materials used, 
particularly cast iron. From the practical point of view, it might be claimed that quality tests should 
be made. I think, however, that if one uses one’s eyes there are many occasions when perhaps a look 
round the works and a careful observation of the methods employed by the manufacturer in the selection 
and manipulation of the different materials will be found of very great use, and useful also in discussing 
the subject with other people. Mr. Sdrowok is in rather a happy position in this respect for he is 
stationed at Augsburg and a great deal of his work is at one works. The author has drawn attention to 


correct design, and here I think, perhaps by observation, surveyors may at times be able to point out 
something of usefulness to makers of air compressors. After all, it should not be just a question of 
trying to rush round a works as quickly as possible when called in for, say, & hydraulic test, but rather an 
opportunity of using one’s powers of observation in such a way as to gain a certain amount of training 
and experience on the different methods of manufacture, which may eventually be useful in discussion 
with some of our clients with whom we make daily contact. 


An interesting point is also raised with regard to the time limit of the hydraulic test. This, 
particularly when dealing with cast iron is well worth bearing in mind, and might with advantage be 
applied to many other cases, but particularly to cases of cast material. 

Mr. Sdrowok has also quite rightly drawn attention to the lubricating of air compressors and troubles 
that might arise through insufficient lubrication, as we do occasionally hear of accidents caused by 
explosions occurring in air compressors and their connections. 


Only one other point will T deal with now, and that is to suggest that the author might include 
some examples of the power required to drive air compressors of known capacities, and in particular the 
power required to drive single-stage and multiple-stage air compressors such as are used on board ship, 
and also attached to Diesel engines of sizes with which we are most acquainted. 


In conclusion I wish to thank Mr. Lockney for the way he has presented this paper on Mr. Sdrowok’s 
behalf, and I hope that those who are here tonight, if they are not able to contribute to the discussion 
now will at any rate later be able to look through the paper carefully and bring forward something in 
writing which T am sure will be greatly appreciated by Mr. Sdrowok. 

H. MoCririck. 

The paper which Mr. Sdrowok has placed before the Staff Association on Air Compressors deals very 
fully with the subject of compressors aS generally found on board ship, and comments on the interesting 
points in the design, manufacture and testing. 1 think it can be said that where an air compressor is 
still used for blast air injection and driven from the main propelling unit of any well known manufacture 
of oil engine it is an engineer's machine of proved reliability, valve and cooler trouble have almost been 


eliminated and anything now met with in upkeep or overhaul can be dealt with at arranged intervals. 


On page three mention is made of pipe connections being nearly blue heat. This should not occur 
with the latest design of compressors, as 1 would say that the air from a three-stage 1000 lb. per sq- in. 
machine would be in the region of 300° F. 


Near the top of page four Mr. Sdrowok writes about oxygen satu ated air and the danger of explosion. 
The oxygen content of the air will be the same as before compression and will the danger not lie in the 
fact that oxygen in a saturated state is more active. 


CooLers.—| prefer the type of cooler where the air flows in the pipe with the cooling water on the 
outside, but so far as efficient. cooling goes I do not see that there can be much difference providing the 
cooler is properly designed. 

Regarding contra between air and water in a cooler, and when we consider the low velocity of water 
usually found in a cooler and the very small rise in water outlet temperature, the urgent need for contra 
flow does not appear to be very great. 

I prefer to see a bursting disc on all coolers as it is a reliable safeguard against serious damage by a 
burst tube or coil, and in addition to this I think a small spring loaded safety valve should be fitted to 
look after any rise in water pressure. 

TuRBO SCAVENGE Biowers.—Balancing and overspeed tests with turbo blower impellers are most 
important in order to keep down vibration, and it is interesting to note how carefully this testing is done. 


I understand that one firm in the country are running cast aluminium type impellers at 400 ft. per 
sec. with satisfactory results. 


Air noises. This can now be practically eliminated by fitting on the blower inlet and outlet a 
“ Burgess” silencer. It would be interesting, I think, if Mr. Sdrowok could give comparative figures of 
efficiency and weight of turbo and piston type blowers. 


In conclusion I would like to thank the author for his most interesting paper. 
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A. Ewrne. 


Mr. Sdrowok has obviously made a study of his subject and has not spared himself hard work in 
placing his observations and experience before the Staff Association. 


The suggestion on page one of the paper that a look at the scrap heap will often give a good indication 
of the quality of cast iron being used, indicates that the author takes a very practical view, although he 
has delved deeply into the mathematics of compressor design. 


The suggestion that test pieces are not truly representative of the metal in a casting is, in many 
cases, very true, and no doubt the close examination of the micro-structure of the actual casting would be 
a better method of determining the suitability of the material for the purpose intended, provided it is 
examined by an expert who can mentally weigh up the qualities of the material and requirements, 
strength, ability to take good wearing surface, and corrosion resisting qualities. 


To ascertain these qualities by metallographical investigation is the work of a specialist and I think 
that the test pieces convey more to the mind of the average superintendent than would the micro- 
photograph. 


Tbe performance of modern compressors and the fact that the materials are standing up to their 
work rather indicates that the makers can be trusted to use suitable materials without having to conform 
to hard and fast regulations regarding strength. 


The author refers to rounding of walls to judge of their uniform thickness and also to detect cracks. 


He appears to favour the liberal use of ribs to strengthen the walls and thereby prevent cracking, but 
while ribs are necessary they must be used judiciously for in many cases ribs set up stresses during the 
cooling of the casting and defeat the object for which they are embodied in the design. 


In conclusion, I should like to add my appreciation of the excellent material and hard work put into 
this paper by the author. 


C. W. ReEep. 


| am afraid I am here more in the capacity of a mere learner than one who has to give of his learning, 
but I have been very interested in this paper as there is so little information of any use regarding air 
compressors that can be found in other publications. It may be said that the paper is rather late in so 
much as blast air compressors are dying, if not dead, but I am afraid that to those of us who are surveying 
older types of ships these compressors are rather like the poor, in that they are always with us. Therefore 
Mr. Sdrowok’s paper is, I say, very interesting and very useful. 


There are only one or two little points that I have noticed. One was that Mr. Sdrowok says, with 
regard to intermediate coolers, that diaphragms are sometimes fitted to the cast iron cases of the air coolers. 
He adds, however, ‘safety valves fitted to the cooler casings are preferable, of course, but more expensive to 
manufacture”. Well, | do not think safety valves would be of any use in this case, because even if you 
got a sufficiently large lift it would not be equal to carrying away the air quickly enough if the cooler 
burst. It seems to me that discs are the only things of any use, but I should be glad to learn what my 
colleagues think of the matter. 


tt would be of interest if the author would give us a worked example of a calculation for crank 
shaft size, indicating the usual stresses allowed in practive. 


W. J. Ferauson. 


I am glad of this opportunity of expressing my appreciation of a paper which contains a wealth of 
information. Mr. Sdrowok has dealt with his subject in a thorough manner and shows that the design, 
construction, testing and operation of air compresors can be most interesting. 


It was our practice in Switzerland to carry out material, hydraulic and running tests on all compressors 
intended for classed vessels, the procedure being very much as described in the paper. 
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In the case of independently driven starting air compressors, however, the output test was invariably 
limited to pumping up an air receiver of known capacity from atmospheric pressure to the working 
pressure of the compressor, and a certificate was given in accordance with the facts. Although exceedingly 
simple I think this forms a good comparative test and when used in conjunction with the more extensive 
type tests invariably carried out by the firm, does enable one to judge the performance of the machine. 


The acceptance tests of independently driven scavenging and supercharging blowers are of necessity 
more complicated, as described in the paper. Although the tests carried out by the makers involved the 
determination of the blower characteristic for each individual machine it was our practice to verify the 
output and efficiency at duty point only. It was most unusual to find a blower with a capacity appreciably 
in excess of that specified, consequently the final shop trials in conjunction with the heavy oil engine were 
always awaited with interest. 


Possibly my experience of the operation of compressors will be considered uninteresting since it did not 
involve frequent breakdowns. I think the secret of our success was the avoidance of excess lubrication 
and the frequent overhaul of the valves. It was our practice to change H.P. valves every fortnight and 
all others within the six weeks of the outward voyage. 


CORRESPONDENCE. 
F. Brooke Smrru (West Hartlepool). 


This paper is an excellent and timely contribution to the transactions of the Staff Association, and 
represents a considerable amount of work on the author’s part. 


Mr. Sdrowok appears to be definitely in favour of the independent auxiliary set consisting of a 
heavy oil engine coupled direct to a generator and an air compressor mounted on a heavy bedplate. At 
the same time attention is drawn to the fact that this arrangement has the decided disadvantage of the 
generator having to run under no load whilst the compressor is in service as well as under load. There 
seems little doubt that the disadvantage referred to has been the cause of a number of cases of broken 
crank shafts ; and such misfortunes entirely negative the economy aimed at. A set consisting of driving 
engine, either steam or heavy oil, and compressor only, in my opinion, is most likely to fulfil the 
requirements set out in the concluding sentence of the opening paragraph of the paper. 


The author does not state whether, in his opinion, tests for cast iron should be included in the Rules, 
but, after comparing the varying test results as given in connection with different qualities of cast iron, 
and bearing in mind what it is stated may be found with an occasional glance at the scrap heap behind 
the foundry of the makers, it is considered that cast iron for specified purposes should be to a certain 
standard and it would be of material advantage to have some provision embodied in the Rules. Frequent 
mention is made in the paper to bend tests for cast iron. It 1s not apparent what this refers to and how 
bend tests can be obtained. The deflection immediately before breaking is usually too small and of such 
a diversity as to be of little value in determining the quality of the material. The author's explanation 
regarding bend tests for cast iron and how they can be applied would be greatly appreciated. At the end 
of the paper there appear a number of very interesting micro-photographs of five different qualities of 
cast iron. One point which is noticeable is that the author does not refer to these in the text and offers 
no explanation for their inclusion. It would be of considerable interest to learn which of the various 
qualities shown is generally used in the manufacture of air compressors. That shown as “KE” plate IV 
is without any question a very high grade of pearlite cast iron and it is thought probable that such would 
only be obtainable when particularly specified. Yertainly, a foundry producing this grade of cast iron 
would not be one where it would be necessary to visit the scrap heap to form an idea as to the quality of 
the material in general. 


Mr. Sdrowok’s suggestion in the early part of the first paragraph, page 2, does not appear to me to 
be a practical one. In a good class foundry, where one would expect important castings, such as air 
compressors to be made, it is the general practice nowadays for these to be made under properly controlled 
conditions and the supervision of a metallurgical chemist. In such places it is unusual to find 
scrapped castings which have not seen service. The following comparison of tests and properties of cast 
iron made under controlled and uncontrolled conditions might be of interest. 


- A special cast iron made under carefully con- 
trolled conditions from selected materials of 
known composition. 


2. Uniform and close grained in all sections. 


Resisting wear to a high degree and retaining 
its strength to 1000° Fahr. Specially suit- 
able for superheated steam and high water 
and steam pressures. 


. Tests—Tensile, 14 to 19 tons per sq. in. 
Transverse, 2,500 Ibs. to 3,000 Ibs. per sq. in. 
Supports 18 ins. apart. 

Impact, not broken by a 27 Ib. weight dropped 
20 ins. (Section 1 ins. by 18 ins. Supports 
6} ins. apart.) 


1. Made from the ordinary grades of pig iron and 


miscellaneous scrap of unknown composition. 


2. Varies considerably with thickness of casting. 


The more open grain wears easily and loses 
its strength below 700° Fahr. This grade is 
unsuitable for high superheat and high water 
and steam pressures for which it is too 
porous. 


3. Tensile, 9 to 12 tons per sq. in. 


Transverse, 1,250 lbs. to 1,500 Ibs. per sq. in. 
Supports 18 ins. apart. 

Impact, broken by a 27 lb. weight dropped 
16 ins. (Section 1{ ins. by 18 ins. Supports 
6} ins. apart.) 


It is only reasonable to expect that makers of air compressors would, for the sake of their reputation, 
obtain their supplies from foundries which guaranteed to supply castings made under controlled 
conditions. 


The statement that a metallographical investigation for testing cast iron would be less expensive than 
the preparing of samples for mechanical tests is considered to be incorrect. The latter is an ordinary 
every day shop practice whilst the former appears to be a somewhat complicated semi-scientific operation. 
I am of the opinion that the metallographical investigation would be considerably the more expensive of 
the two methods. It is noted that the author does not suggest X-Ray examination as a method for 
determining the soundness of the wall, etc., of castings. This appears to be superior to that suggested in 
the paper which can best be described as one where the human element enters largely and a long and 
specialised experience in this class of work is necessary for complete reliance to be placed in such an 
examination. At the same time it has to be admitted these examinations are carried out as a matter of 
routine and without any qualms by the Society’s surveyors, and the author’s remarks in this connection 
are greatly appreciated. 


With reference to the finding, during inspection, evidence of castings, intended for air compressors, 
having been tested with waterglass (sodium silicate, about 40 per cent. Na, O and 60 per cent. Si 0.) it is 
agreed with the author that this isa very bad thing and calls for a very minute inspection on the surveyor’s 
part. What is not understood is the statement that such castings should be rejected even if they are 
found sound and tight at the official hydraulic tests, ete. Why proceed any further with the inspection 
and hold official hydraulic tests, once it has been established that a casting, which will be subjected to the 
fluctuations of pressures and temperatures as in the case of air compressors, has been treated with 
waterglass? It is thought preferable to reject the casting in the first instance. At the same time in a 
properly organized foundry under the control of a metallurgical chemist the use of compounds to doctor 
spongy castings is fortunately rapidly becoming a thing of the past. 


The portable Brinnell testing device (system Poldi-hammer) is used in foundries in this country and 
has been found to give highly satisfactory results. 


The author does not make it quite clear whether solid drawn 8.M. steel pipes bent ina hot state should 
be properly annealed or if this refers only to those bent cold. It is concluded that Section 13, paragraph 
11, Rules for Engines and Boilers requires to be complied with; this refers only to iron or steel steam 
pipes which have been heated for any work purpose. At the same time it seems to be a matter of opinion 
whether or not the necessary normalizing by heat treatment can be successfully carried out in the smith’s 
fire. This has been found in many cases to be the usual shop practice and so far as can be ascertained 
pipes normalized in this manner have proved satisfactory under the most severe working conditions. 
Mr. Sdrowok does not express any opinion as to the best way for securing flanges of pipe connections 
between compressors and air coolers, but quotes two methods, both of which are shown to have serious 
disadvantages. As an alternative, and probably superior method, I would suggest the flanges being 
secured to the pipes by the are welding process, using suitable electrodes and runs. 
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In page four, reference is made to “highly oxygen saturated air,” and further on to ‘the copious 
oxygen contents of compressed air.” It is considered that these statements are misleading as they tend 
to imply that compressed air contains a larger percentage of oxygen than uncompressed air, whereas the 
percentages are similar. 


In connection with the safety devices of thin white metal diaphragms, which the author states are 
usually fitted to the water spaces of the air coolers, it would be interesting to lewn if he is of the opinion 
that these can be thoroughly relied upon to burst when the pressure in the water jacket rises to a 
dangerous point. Should they fail to do so, the consequences are liable to be extremely serious. A slight 
error in the fitting of a diaphragm considerably reduces its value as a safety device. In my opinion safety 
valves, despite their expense to manufacture, would be the more preferable. 


I wish to express to Mr. Sdrowok my thanks for his most interesting and instructive paper. 


P. KertscHer (Prague). 


I wish to congratulate Mr. Sdrowok on his very interesting paper on Air Compressors, but as he 
deals with the subject chiefly from the stand-point of supervision and testing at the manufacturers’ works, 
I should like to add some remarks in connection with practical experience on board of Diesel-engined ships. 


Mr. Sdrowok mentions that Cupro-Nickel alloys are now generally used in the manufacture of tubes 
for air coolers, and [ should be glad to know what composition is now considered suitable, as about ten 
years ago marine engineers reverted to 70/30 per cent. Cupro-Nickel alloy with a view to overcome serious 
corrosion in the tinned copper tubes used at that time. Especially on a non-stop return trip from 
Australia we had much trouble with the main compressors driven directly by the main engine crankshaft 
and working continuously for forty days against a pressure of about 60 atm. (854 lbs. per sq. in.) for fuel 
injection. As a result of the burning of sulphurous fuel one tube after the other of the H.P. cooler 
became leaky at intervals of a few days, the blast-air pressure dropped, and compressed air entered the 
cooling spaces of the compressor and main engine. The cooler consisted of 24 straight tubes between 
tube plates, in a very compact arrangement, and the repair of the defective tubes was a very difficult task 
as the leaky spot generally was not accessible for soldering, and the construction of the lower tube plate 
prevented the plugging of the tubes at both ends. Eventually we had to fill the leaky tubes with molten 
pewter to eliminate the trouble in the shorest possible time with the limited means available on board 
ship. When arriving at the port of destination, more than 50 percent. of the tubes of one of the H.P. 
coolers were thus out of action, but the main engines were still running satisfactorily. 


All fuel oils, depending on their origin, contain sulphur up to percentages of about 4 per cent. which 
is burned to sulphur dioxyde (SO,). Part of the exhaust gases will enter the engine room through leaky 
exhaust pipe connections and expansion joints and are breathed in by the compressors. The sulphur 
dioxyde gas is absorbed by the moisture in the air and forms dilute sulphurous acid (H,SO,), which is a 
very active corrosive agent, and the sulphate of iron, resulting from the corrosion of cast iron and steel, 
has a very detrimental effect upon the lubricating oil. I have seen, when disassembling a compressor 
after a few months of service, that the majority of the H.P. piston rings had completely disappeared, the 
rest were nearly eaten away, and the liner badly grooved. The best remedy is to connect the air-inlet of 
the compressors by a light duct to a place outside the engine-room. 


A. W. B. Epwarps (Hull). 


With the growing modern tendency towards solid injection oil engines, either built as such or 
converted to the Harland & Wolff, Archaouloff, or similar injection systems, air compressors are becoming 
of less importance in motor vessels. 


In many ships to-day the only compressed air required is for manceuvring, and only at the com- 
paratively low pressure of about 25 kgs./cm., which can be supplied by one two-stage compressor. The 
slight loss in efficiency compared with a three-stage compressor is more than offset by the reduced first 
cost of a two-stage machine which, after all, is only required to run for a small percentage of the vessel's 
voyage time. 

In this country it is usual to drive auxiliary compressors by an electric motor which can be operated 
from any of the auxiliary generators, in preference to the clutch-driven type mentioned by Mr. Sdrowok, 
the engine of which may be under refit or broken down when the compressor is required. 


‘ 


It is agreed that some of the C.I. used for compressor parts leaves room for improvement. Probably 
some of the modern nickel-iron alloys would give better service. It has been noticed during surveys that 
some C.1. compressor parts subject to high temperature and sea water (such as H.P. cylinders) rapidly 
become soft and spongy and in some cases have been renewed after only four years service. 


The general design of some compressors is poor. Such items as pipe joints should be external to the 
water jackets as several burst jackets have been noted, caused by submerged joints suddenly giving out, 
despite the presence of safety discs. Piston ring locking pins are best omitted as these often work out and 
score the cylinder. Efficient water and oil separators are also desirable instead of the simple drain often 
fitted, as much oil is liable to be carried over and baked on the sides of the air casings, pipes, etc., with 
dangerous results should the compressor become overheated. Being present at one such explosion and 
seeing several others narrowly averted, lend personal interest to this question. 

Perhaps Mr. Sdrowok would be good enough to give us some idea how continental manufacturers 
arrive at the scantlings of the compressor crankshafts as some wide variations have been noted. 


On page six the average value of the compression curve exponent n is given as 1°36. This denotes a 
rather poor efficiency and compares with a figure of 1°83 obtained during tests on a motor-driven two-stage 
compressor tested by the writer some years ago. The value of the exponent can readily be obtained from 
a good indicator card, either by the aid of the calculus, or graphically by selecting several points on the 
compression curve and plotting the corresponding values of Log P against Log V. The slope or tangent 
of the resulting straight line graph gives the value of the exponent n. 


Regarding estimates of compressor capacity, results sufficiently accurate for all commercial purposes 
can be obtained by fitting simple throttling diaphragms either on the suction or discharge lines, the trials 
mentioned above being carried out by this method. 


When discussing compressor motive power, the author did not mention the small emergency com- 
pressor required by the Rules. Although in many vessels this compressor is steam driven, this is not 
always the best practice, as with a single donkey boiler steam is not always available when required. In 
one known case—the only time during five years when all the starting air was lost—the donkey boiler 
was under repair and the vessel was completely without power for thirty-six hours. It is considered that 
small hand-starting heavy oil engines are a better means of driving these compressors. 


With reference to the formule quoted at the end of the paper, should not the end of the line (4) (0), 


: 1 ; a 
page 14, be written n = —,,- to avoid confusion ? 
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AUTHOR’S REPLY. 


[am very grateful to all those members of the Society’s Staff Association, especially to our esteemed 
President, who favoured me with their kind attention and who have also sacrificed a considerable amount 
of their valuable time for the discussion of the paper. 


Particularly I should like to express my thanks to Mr. Reed for preparing the paper for printing in 
such an excellent way and further to Mr. Lockney for being good enough to read it. 


In reply to Dr. Dorey’s discussion, whose sympathetic words of acknowledgment for the work done 
by the officials of the Society are very deeply appreciated. I endeavour to answer Dr. Dorey’s questions 
regarding capacity and power required in the various types of air compressors as follows: in the appendix 
(1), Single stage compressors are only used for pressures up to 7 atm. (=100 lbs. per sq. in.). 

Mr. McCririck. One would think that a compressor made by any fairly reputable firm would be a 
perfectly reliable engineer’s machine (and in most cases, thank heaven, it is so), well, if not, the human 
element and imperfection would be a factor to be taken into account. Cases where power driven rotary 
cooling water pumps have got out of action in some way so that no water reached the third stage of the 
compressor are not very uncommon, or, other cases where by inattention cooling water was throttled. 
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The consequences were that the compressor pipe connections became nearly red hot. It is true the 
remarks ‘highly oxygen saturated air” and “copious oxygen contents’ are somewhat misleading. It 
should have been expressed more clearly that the state in question of the compressed air must be referred 
to the unit of volume and not to the percentage composition of the air. 


According to Herrmann Jentsch in ‘Fliissige Brennstoffe” (liquid fuels) a pressure of 20 atm. 
(=284'2 lbs. per sq. in.) is necessary having then the corresponding quantity of oxygen in order to cause 
a self combustion of a cylinder oil at 300° C. (=572° F.), whilst lubricating oil reaches its flame point at the 
same temperature with 2°2 atm. (=31°3 Ibs. per sq. in.). I am glad to note that Mr. McCririck also 
prefers the system of coolers where the air flows in the pipes and the cooling water on the outside. In the 
contrary case extra provision must be made in order to acquire a perfect guidance of the air stream. The 
air must meet fairly vertically the walls of the tubes and furthermore must pass the tubular system in a 
spiral form, otherwise the cooling effect would be poor. 

As everybody knows, fitting of baffle plates, dividing walls or other means within the extremely 
narrow tubular system of air coolers is a very difficult task. Therefore, also from a commercial point of 
view the air cooler type emphasised by Mr. McCririck and myself should be preferred. For the same reason 
counterflow being more efficient should be used too. A small spring-loaded safety valve in addition to 
the bursting discs is of course a very good means of watching even the slightest rise in water pressure in 
the cooling space beforehand. If any trouble is indicated there will always be time enough to prevent 
more serious damage. So far as I am informed cast aluminium impellers for scavenging blowers are not 
in use in this country, even not for heavy oil engines of the light construction type. ‘These having steel 
riveted impellers for their scavenging blowers, the circumferential velocities being about 820 ft. per sec. 
Casings and pipe lines are made of aluminium, of course. Around the blower casing a wooden rubber-lined 
chamber is sometimes erected, sometimes the whole blower casing is wrapped in felt with felt mattresses 
put around it and fastened. 

In case fire proofness is essential, asbestos is used instead of felt with a similar good effect. No 
special silencers are used, the ** Burgess” silencer mentioned by Mr. McCririck is not known here. The 
whole length of the suction duct itself is prepared as a silencer, being lined with some noise damping 
material. Further chambers are arranged in the duct, but so that the same free section of flow is always 
maintained. The suction orifice is covered with a mushroom head and a wire net in order to prevent 
impurities from being drawn in. Some comparative figures of efficiency and weight of scavenging turbo 
blowers and reciprocating pumps are given in the appendix (2). The adiabatic efficiency will be nearly 
the same with both types of scavenging pumps, I suppose, in the vicinity of 70 per cent. With the 
reciprocating type, the resistances in the valves and passages, and with the turbo blower type, the air 
friction in the blading, will reduce efficiency so that the losses of both types will balance each other after all. 


Mr. A. Ewing. Micro examination of cast iron was only mentioned by me in order to emphasise that 
even in scientific circles a great uncertainty still exists with regard to the adoption of a really reliable 
method of testing cast iron. I know that great experience and a special training are necessary in order 
to judge from a micro all the qualities of the material in question. At present the B.V. bend test sample 
is regarded in the Works as the most severe, but at the same time most convenient and least expensive 
specimen for testing cast iron, in consequence of its small shape having only a cross section of 8 x 10mm. 
at 35 mm. length (= 0°315 x 0°94 x 1°378 in.) with the supports 30mm. (= 1°181 inch) apart, it can 
be very easily cast on or trepanned respectively on any part of a casting, thus having the same cooling down 
conditions as the casting itself, it represents fairly perfectly the real state of the micro structure. For a 
cast iron of first class quality the test specimen must sustain a load of 600 kg. (= 132277 lbs.), without 
breaking, corresponding to 42 kg./mm? (=27°1 tons per sq. in.). For testing these specimens a special 
additional device is necessary in which the small samples are placed. This device is then put into a 
brinell press by means of which the load is applied. Arrangement of ribs either in the design or in the 
moulding department of the foundry is, of course, a matter of experience. There is a great discrepancy 
between the wishes of the designer and the ability of the foundry to comply with these wishes properly. 
The liberal use of ribs is not so essential, if they are of such dimensions that the liquid metal is able to 
fill up their space during the cast as quickly as possible. 

Mr. C. W. Reed. The opinion that air compressors are dying out can only refer to blast air 
compressors for liquid fuel injection as also stated in the paper. Compressors for the supply of the starting 
and reversing air are still one of the most important auxiliaries on board ship. Up to now, there are no 


other means for starting and reversing than compressed air, for propelling machinery and auxiliaries of 
some size, of course. Moreover, there are trials now being made with compressed gas injection (for 
instance, methane, natural gas, water gas, coal gas) instead of the direct injection of fuel oil in the 
working cylinders. ‘The fuel gas is compressed by a directly-driven compressor. With the employment 
of wood gas or water gas for the above purpose, having its own individual gas generator and thus being 
indepe andent of any separate gas supply, such a plant. could be used for installation on board ship too. 
This method is said to have some striking advantages in comparison to the usual method where the gas 
is drawn in by the engine and mixed with the combustion air in the suction line. But I am sorry no 
correct: data regarding reliability, efficiency or gas consumption are yet available. There are plants, in the 
mineral oil districts for instance, where the change from gas fuel to liquid fuel with the same engine and 
vice versa would be very advantageous. So one can see that compressors are still fighting their way and 
cannot be thrown so easily on the scrap heap. With regard to safety valves and bursting discs, it has 
already been mentioned that both accessories fitted to the coolers would be the best means of excluding 
any danger whatever. The example of a calculation of a crankshaft for air compressors is given in 
Appendix (3). 

Mr. W. F. Ferguson. As already pointed out in the paper, the most convenient method of checking 
whether the requirements of the order are met, is to have at one’s disposal on the test bed. the air vessels 
of the engine reom outfit in question. Then there is no urgent need to bother one’s self about “known 
capacity” or anything else. But in most cases there are only air vessels available on the test beds, the 
real “known capacity” of which is really known only to the makers (sometimes not even to them). 
Gauging the vessels can of course be done by weighing them before and after filling up with water, if a 
balance is available. Mostly, however, these air vessels are too small for the corresponding capacity of the 
compressor under test, the vessels being pumped up within a few minutes of time. This gives very 
inexact results as one can see when pumping up first a smaller air vessel then a larger one with the same 
compressor. One has to deal sometimes not only with firms of world wide repute in manufacturing air 
compressors, but also with smaller firms, the existence of which one has never known of before and which 
have to be visited for the first time. It is obvious that there are sometimes great difficulties to overcome. 
There are further cases where machinery (compressors, pumps, etc.), not intended for vessels classed with 
this Society, but for some other land purposes, has to meet the requirements of special orders, these 
specifications then mostly providing extensive type tests to be carried out by the Society’s Surveyors. 
Therefore, to be fully prepared to meet such cases, it is advisable to study thoroughly, all the questions 
of testing for the benefit. of the Society’s clients whenever occasion is given to participate in extensive 
type tests of any machinery on the test bed of a firm of repute. With ‘independently- driven scavenging 
blowers, for instance, the only control whether the measurements are correctly made in the duty point, is 
to see whether for the various working states at the same speed the p-v curve acquires a lawful course 
with the duty point on the declining part. This only makes certain that the guarantee with respect to 
safe working, capacity, efficiency, etc., is complied with. 

Mr. F. Brooke Smith. It is very interesting to note that a number of cases of broken crankshafts 
of such combined sets as mentioned in the paper, viz., heavy oil engine-generator-compressor, has come to 
the knowledge of Mr. Brooke Smith. These accidents can only have been caused by a totally imperfect 
co-operation ‘of the single parts of the set, resulting from some fault of the design. Care, of course, must 
be taken that afterwards in service, the single parts of the set do not influence each other mutually into 
any state of resonance. But according to the present advanced methods and experiences gained in 

calculating beforehand ranges of critic als, accidents of broken crankshafts ought not to occur. Invariably 
ia the trials of such a set on the test bed, the ranges of critical sp eds are thoroughly ascertained by 
means of torsiographical measurements. I fully agree with Mr. Brooke Smith that something for one’s 
guidance should be included in the Rules with respect to the testing of cast iron. Very often in orders, 
particularly in those dealing with the supply of single cast iron parts, as for instance covers, liners, valves, 
pipe lines for land installations, etc., therefore not intended for classed vessels, the term ‘in accordance 
with L.R. requirements” is usually stipulated. In such cases one is compelled to use the requirements of 
some other Classification Society. 

It seems to me that the term “bend test” for cast iron has been understood too literally. It should 
have been called ‘deflection breaking test.” But in order to avoid confusion I will give a short description 
of this frequently used testing method for cast iron. The test specimens are cast either in a separate 
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mould or on the casting itself. The dimensions of the test bars are 700 mm. (27°56 in.) length, 30mm. 
(=1°18 in.) diameter, having either their original casting skin or being machined smooth in the lathe to 
the above diameter. In the former case the results of strength obtained are somewhat higher but differ 
considerably from each other on account of the less uniform cross section of the specimen. In the latter 
case the results of tests are lower but more uniform. The supports on which the specimens are placed in 
the testing machine are 600 mm. (=23°62 in.) apart. In the Plate VB showing the test machine, 
the specimen has a rectangular cross section, but this is not usually here. The bending strength is 


a 
o, = Baek: in kg.Jmm?. It is P in kg. the total ultimate load just at the moment of breaking by 


deflection, 1 = 600 mm., d = 30 mm. For cast iron of first quality is o, = 46 kg./mm? (= 29-2 tons 
sq. in.) with a deflection of at least 8-L0mm (=0°315-0°394 in.) measured in the centre, Cast iron of 
quality C (plate III) would generally suffice for bed plates, entablatures, etc., of air compressors. For 
pistons and cylinder liners (if any), quality D. The bending machine (Photograph Ve) can be used for 
unmachined specimens of various diameters according to the thicknesses of walls from which they are 
trepanned. The load is applied by small shot, with automatic stop when the specimen breaks. The 
deflection is measured by a device multiplying tenfold the degree of deflection. 

On page 2 in the paper, the micro photographs (Fig. L, plate I) of cast iron are referred to. These 
small micros are cut from the larger ones on plates II, 11] and IV. As it was not the intention of the 
writer of the paper, at first, to have these latter published, being intended for record purposes only, no 
reference to them has been made in the text. Regarding the difference of costs of specimen for 
mechanical tests or metallographical examination respectively, I can only state the opinion of some 
specialists in the matter. ‘They say that mechanical tests are higher in costs, as trepanning, machining 
and breaking involves more working hours than trepanning, polishing and etching of twice as much 
specimen for metallographical research. With regard to the treatment of cast iron with water glass, it 
must be understood quite clearly that at first glance there is to be found not the slightest evidence 
whatever of the parts being treated like this, neither a bucket full of waterglass standing near by, nor 
visible splashes somewhere else on the casting. Only, just when proceeding further with the inspection 
of the parts under hydraulic pressure, here and there some scarcely visible traces of waterglass may be 
found on a hidden place or in a remote corner of the casting, evidently not carefully removed. — It is 
preferable, of course, that each pipe subjected to high pressures afterwards in service, either bent cold or 
bent in hot state, should be submitted after bending to at least a stress relieving thermal treatment of 
620° C. — 650° C. (=1142° F. — 1202° F.). In both cases of bending, meaning either non-uniform 
heating or cold working. respectively, inner tensions in the material appear and must be removed. 
Uniform and proper temperatures cannot be applied in a smith’s fire, and the famous usual shop practice 
has been very often proved extremely detrimental to the material. Here the evil boiler shop practices of 
the past, which we all have experienced, should be remembered, bending and thermal treating of high 
pressure pipes in a smith’s fire being one of the surviving ones. 

Cases where badly-treated material withstood satisfactorily the most severe stresses are not so frequent 
as just the contrary cases, I think. Therefore it should be one’s very modest endeavour to bring even 
some semi-scientific knowledge to the lower regions of common shop practice The best method of 
securing flanges to the pipes is, as Mr. Brooke Smith points out, the are fusion welding process, and, I 
may add, the gas fusion welding process too, if carefully carried out. But there are still a lot of firms 
which stick incomprehensibly to the expanding of the pipes into the flanges ; and so long as this is carried 
out satisfactorily, avoiding fundamental faults, there is no reason to have any objection against. it. 
With regard to the white metal safety diaphragms, I should say that fitting them is so simple a matter 
that no error is likely to occur. During the manufacture of these diaphragms, say, each fifth or tenth is 
picked out from the whole batch and submitted to the desired pressure in a sa hydraulic testing 
device. The alloy of the material of the diaphragms not being altered, and the thickness of each individual 
diaphragm carefully gauged, I do not think that there is any reason to be alarmed that diaphragins could 
refuse bursting in case of need when fitted to the cooler casing. Nevertheless, as already pointed out, I 
personally would prefer an additional small safety valve. 

Mr. P. Kertscher. The same cupro-nickel alloys for cooler tubes are still in use for marine purposes. 
There are, however, investigations made nowadays with other material for these tubes, which are supposed 


to be less expensive than Cu-Ni, but unfortunately I am not in a position to give any exact statements 
regarding the composition, For stationary plants, tinned copper pipes are frequently employed even 
to-day. Mr, Kertscher’s + xperiences and troubles with this latter material are very interesting to note, 
but T must frankly confess that these bad things not only happened in the past, when sufficient experience 
was not so widespread among all the parties concerned, Some similar cases came to my knowledge some 
time ago, with stationary plants however. The management of the power house had decided to change 
the service to another fuel oil, which, as it appeared afterwards, contained more sulphur. The blast. air 
compressor having worked for a couple of years without any trouble showed, within a week or so, the 
three-stage piston rings gone and the liner badly scored. The closed cycle of chemical reactions 
apparently being the same as described by Mr. Kertscher. After fitting new piston rings and liner the 
trouble ceased at once as a suction line was led into the open air. However, with blast air compressors, 
compressed air is eecia ed mostly in excess for all purposes. But with independently-driven starting 
air compressors, the dimensions of which are very often just on the limit of the capacity required, a long 
suction line would cause a drop in the efficiency; but I think sulphur contents in fuel oils reaching 
dangerous percentages is now-a-days very seldom found. The most used fuel oils have figures below 
l per cent., as, for instance, Diesel oil, 0°8 per cent.; American gas oil, 0-2 per cent. ; Persian gas oil, 
0°75 per cent.; Borneo oil, 0'L per cent.; Roumanian fuel oil, 0° i per cent.; Egyptian "fuel oil, 0°75 per 
cent.; Persian Diesel oil, 0-1 per cent. With Maroil, having 2°3 per cent., the valves, in a case reported, 
took already a yellowish colour. Mexican fuel oil, having 4 per cent., will not often be used. 


Mr. A. W. B. Edwards. The Archaouloff system has been mentioned by Mr. Edwards. By this 
system it is intended to get rid of the blast air compressor, using the compression pressure in the 
working cylinders themselves for the injection of the fuel oil; at the same time avoiding the 
disadvantages of the high fuel oil pump pressures of the solid injection system. It is very important, 
however, with direct injection of the fuel oil to have the possibility of individual influencing the 
combustion pressures by adjustable fuel pump cams. This cannot be done with the Archaouloff system ; 
therefore, the question may be permitted, are the results of the said system very encouraging? From 
what I have heard this is not the case. However, one cannot fully rely upon such contradictory opinions, 
being very often expressions of competitors’ jealousy of the firms. It is said that the Archaouloff 
system works satisfactorily only for slow-running engines up to 100-120 r.p.m. In spite of a starting 
air compressor working on board a modern ship only for a small percentage of voyage time, it is not 
such an unimportant auxiliary | think, as stated by Mr. Edwards himself towards the end of his 
discussion. A hand-starting emergency Diesel set is, ‘of course, the best remedy against accidents such 
as described here. The difficulties of a combined set, comprising a heavy-oil engine, a generator and an 
air age mentioned by Mr. Edwards, can easily be overcome, if the heavy -oill engine should be 
under refit, or broken down, by uncoupling the generator from the heavy-oil engine and driving the 
compressor “ the former, running then as an electro motor if necessary. With some marine installations, 
provision in the switch gear has already been made for this purpose. 


It cannot be denied however, that a combined set, all single parts mounted on a common bed plate, 
saves weight and space in the engine room in comparison to a single electro motor-driven compressor and a 
single heavy-oil engine-driven generator, and saving of weight and space with some marine installations is 
of urgent need. I am glad to note that Mr. Edwards agrees with my observations that sometimes air 
compressor design is poor. The manufacturers are not solely to be blamed. The source of poor design 
lies very often in the fact that orders for delivery of air compressors are given by the customers of the 
Works merely from a commercial point of view. It is a pity that the Works in such cases are compelled 
to reduce their manufacturing costs at the expense of a reliable design, in order to be able to fight hard 
competition. It is impossible, of course, to reject a compressor of a not too poor design, so long as it 
works satisfactorily on the test bed and meets the requirements of the order. As seen from some remarks 
in Mr. Edwards discussion, I gather he is also of the opinion that attendance at more extensive trials on 
the test beds will not do any harm to the Surveyor. This attendance is of course connected with some 
considerable loss of time. But this does not matter as it is only to the benefit of the Society’s clients. 
With respect to the design of crankshafts, this has already been dealt with in the reply to Mr. Reed’s 
Discussion. I think the formula forn is quite correctly written It is derived from formula (1), for x 


inserted 2 — 1, By “log” the logarithm to the base 10 (decade or common logarithm) is meant. The 
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statement of Mr. Edwards, that the exponent n found by him was 1°3 denotes an exceedingly good cooling 
effect. With the method of plotting log p against log v mentioned by Mr. Edwards we would, of course, 
get the resulting line quite straight, but only if really the compression curve is uniformly polytropic 
throughout its whole course, so that each point of the resulting line has the same exponent n with y + 
nx = const. It is true with this method, especially in the HP stages, the value of n is lower even than 
1:3 sometimes, but the resultant also is sometimes slightly curved. Far worse the resultant appears with 
LP indicator cards, even good ones, assuming here various directions in its course according to the change 
of the value n during the compression stroke. The cause of these fluctuating values for n is the 
non-uniform exchange of heat from the cooled cylinder walls to pistons and other unknown influences 
preventing a perfectly straight course of the resulting line. ‘Therefore, the value for n found by this 
method cannot be very exact, this being the reason I did not mention this method in the paper. The same 
is the case with some other graphical or calculation methods respectively. The figure 1°36 mentioned in 
the literature, too, for medium sized compressors seems to be a little low, but in comparison to tbe said 
very fluctuating values acquired for n by other methods even with the same compressor, it might be the 
really correct one. For scientific research, of course, thermocouples have been introduced into the 
compression spaces thus verifying the exact temperature and on this base the above average value of the 
exponent n has been found. 


APPENDIX 1. 


Capacity, m4/i ee .. 450-600 350-420 250-825 | 180-210 
of cub.tt.jh 15,900—21,200 12,340-14,830 8,825-11,460 6,350-7,410 | 
LEE Large pi xe 300 375 375 375 | 
Quantity of air drawn in m*/h 500 420 270 190 
h # »  cub.ft.h 17,650 14,820 9,530 6,700 
Cylinder diam., mm.... -+- 430/360/120 360/305/105 310/260]85 260/220/60 
~ » inch... — ...16°9/14*2/4°7 14°2/12/4°18 12-2/10°2/3°34 10°2/8°7/2°36 
Stroke, mm. ... uz ce 260 250 210 220 
ey atamnch ence ee tee 10°23 9°84 8°26 8°66 
Suction-delivery pipe dia., mm. 170/40 160/40 125/30 90/25 
3 yl inch 6°69/1°57 6°3/1°57 4°92/1°18 3°54/0°98 
Power required H.P. ... exe 105 88 57 40 
; continental, H.P. 103-5 86°8 46°25 29°42 
Weight kg. (netto) ... ... 3,800 2,800 1,900 850 
¥ Tbaet,) dee -- 8,382°6 6,173 | 4,188°8 1,874 


Scavencine TuRBO BLOWER. 
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APPENDIX 2. 


Suction volume, m/min. 190-290 290-875 375-450 450-650 650-800 
A »  cub.ft./min. 6,700-10,225 | 10,225-18,225 | 13,225-15,890 22,950 28,200 
Delivery pressure, atm. ... 1125 1125 1125 17125 1125 
i so) lbs. 80 agit. 16 16 16 16 16 
Normal speed, rpm. ... 38,700-8,800 | 8,000-8,100 3,100-3,200 | 2,450-2,600 |2,800-2,400 
Electric motor, kw. 60-92 90-116 120-139 140-198 205-252 
Weight blower, kgs. 4,700 6,000 6,500 9,900 12,000 
Including electric motor 
lbs. 10,362 13,228 14,330 21,826 26,456 
Efficiency, per cent. 68-72 68-72 68-72 68-72 68-72 
RECIPROCATING SCAVENGING PUMP. 
Weight including moving 
parts and bedplate, kgs. 18,270 20,000 36.770 
= aa Ibs. 39,600 44,000 80,800 
Piston diameter, mm. 1,080 1,380 1,650 
5 peeincy 42°5 54°33 64°96 


APPENDIX 8. (Plate Va of a crankshaft.) 


In the following example of calculation of a crankshaft, the formula is used for M,,=0°62 M,+0°6 M,, 
if M, is less than M,; and M,,=0°97 M,+0°3 M,, if M, is greater than M,. 

More correct results are obtained with formula 

M,,=0°35 My +0°63q / M,2+(% M,)? 
k, 
ma lea poke 

k,=admissible bending stress =400—600 kg./em.? (2°58—3°87 tons per sq. in.) 

k,=admissible torsion stress=300—500 kg./em.? (1°935—3°23 tons per sq. in.) 

Some designers reduce the maximum torsion moment P x r to 0°8 — 0°9 x (P x r), corresponding 
to a position of the crank of about 30° from the dead centre, as exactly in the latter position the torsion 
moment is = 0. 

There are also some graphical methods for the calculation of crankshafts, but they all need a fairly 
great drawing sheet in order to get exact results. Therefore it would be impossible to bring these 
methods here for want of space. 
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In cross section I, intentionally, a case of “* poor design” is shown as it has come, in fact, under 
survey of the writer. The most unfavourable conditions coincide here, viz: key groove, fillet, abrupt 
change of section and the sharp edge of the flywheel nave, which all prevent an as undisturbed as 
possible flow of the lines of forces in the material of the shaft. The best solution is, of course, the 
enlarged diameter of the shaft on this place (dotted lines), with a radius of the fillet as great as possible. 

The generally made supposition that the bearing loads are concentrated in point A or B respectively 
(cross section IV) gives, according to the opinion of some investigators, exceedingly high values for the 
stress k,,; but on the other hand, this is balanced in the loss of strength caused by the influence of the 
oil bores on the flow of the lines of forces in way of these bores, so that practically the usual way of 
calculation, with the bearing loads assumed being concentrated in one point, will approach more or less 
the real conditions. On the contrary, in cross section V the usual formula for the moment of resistance 
w gives the value for ky. extremely low. Therefore an empirical formula for W as given afterwards in 
calculation of cross section V may be suggested, which takes into account somewhat more accurate, the 
unfavourable influence of tensions in fillets and stowage of the flow of the lines of forces. 

Three stage air compressor : capacity = 542 m*./min. (1,915 cubic ft.fmin.), pressure = 75 atm. 
(1,068 Ibs. per sq. in.), speed n = 375 T.p.m., power required N=1 0 HP continental (98°63 HP). 
stroke = 220 mm, (8°66 in.), diameter of cylinders 350/290/85 mm. (13°78/11°42/3°35_ in.), diameter of 
erank pin and — journal d = 130 mm. (5°12 in.), d,) = 128 mm. (5°04 in.), d, = 100 mm. (3°94 in.), 
b = 210 mm. (8°27 in.), | = 420 mm. (16°54 in.), ¢ = 330 mm. (12°99 in.), h = 122 mm. (4°80 in.), 
m = 265 mm. (10°48 in.), erankweb breadth b, = 165 mm. (6°49 in.), crankweb thickness t = 75 mm. 
(2°95 in.), weight of flywheel G = 830 kg. (1,826 lbs.), t, = 95 mm. (3°74 in.), LP stage pressure 
pr = 4 atm. (569 lbs. per sq. in.), MP stage pressure Par = 15 atm. (213° lbs. per sq. in.), HP stage 
= 2 sa ™ \ = 906 cm’. (1404 
sq. in.), load LP stage 906 x 4 = 38,624 kg.fem*. (23°4 tons per 8q- in.), piston area MP stage 


Or? Syavats 
ex es) = 302 cm’. (46°8 sq. in.), load MP stage 302 x 15 = 4,550 kg./em?. (29°2 tons per 


4 
A, 
sq. in.), can be neglected, piston area HP stage or = 56°74 cm. (8°79 sq. in.), load HP stage 


pressure py = 79 atm. (1,068 lbs. per sq. in.), piston area LP stage ( 


56-74 x 75 = 4,260 kg.Jem’. (27°4 tons per Sq. in.), weight of moving parts 216 kg. (475 lbs.), total load 
P = 216 + 3,624 + 4260 = 8,100 kg.Jem®. (52°3 tons per Sq. in.), mean torsion moment 


71 62 
M= 71,620 x 100 _ 19,100 em.kg. (1,882 ft./Ibs.), max. torsion moment My mx=P x r= 8,100 x l= 


375 
XY » — . Bi 
89,100 em.kg. (6,440 ft./Ibs.), main bearing load at A = se — ges = 8,100 xe" = oO v 
=3,400 kg. (7,470 lbs.), main bearing load at B=G 4+ P—A=830 +8,100—3,400=5,530 kg. (12,200 lbs.) 
Gross Srction I. ‘ 

Bending Moment M, = GQ x h = 830 x 12:2 = 10,100 em.kg. (731 ft./lbs.) 

Torsion Moment M, max. = P x r=8,100 x 11 = 89,100 cm.kg. (6.440 ft./lbs.) 

M,, and M, max. combined M,, = 0°62 x 10,100 + 06 x 89,100 = 59,760 em.kg. (4,320 ft./Ibs.) 


3 3 
Moment of Resistance for d, = 100 mm., W= a = m 10" _ 99-17 cm. (6 ins.’) 


32 
eT 

= = = 609 kg./em.? (3°92 tons per 8q. in.) 
Admissible 500-600 kg.[em.? (3°23-3°87 tons per Sq. in.) 

Cross Section I. 
M, =& x m= 830 x 265 = 22,000 em.kg. (1,590 ft./lbs.) 
M, max. =P x r= 8.100 x 11 = 89,100 em.kg. (6.440 ft./lbs.) 
M,, = 0°62 x 22,000 + 0°6 x 89,100 = 67,130 cm.kg. (4,850 ft./Ibs.) 
d, = 128 mm., W = 205°6 cm.’ (12°58 ins.) 
; M,, 67,136 Le 3 F 
Stress k,, = Ww a a = 327 kg.Jom.? (2°11 tons per 8q- in.) 
Admissible 500-600 kg./cm.? (3°23-3°87 tons per sq. in.) 


Stress ky, = 


Cross Secrrion ITT. 
M, = G x c = 830 x 33 = 27,400 cm.kg. (1,980 ft./lbs.) 


M, max. = P x r= 8,100 x 11 = 89,100 em.kg. (6,440 ft./Ibs.) 

M,, = 0°62 x 27,400 + 0°6 x 89,100 = 70,490 cm.kg. (5,090 ft./Ibs.) 
d = 130 mm., W = 215°7 em. (13°15 ins.’) 

TOA9 9 < 

oe 10 =n 196 kg.Jem.? (21 tons per sq. in.) 

Zlod 

Admissible 500-600 kg.fem.? (3°23-3°87 tons per sq. in.) 


Stress k,, = 


Cross Suction LV. 
M, =A x a=3,400 x 21 =71,410 cm.kg. (5,160 ft./Ibs.) 
M, =P x r=8,100 x 11 = 89,100 cm.kg. (6,440 ft./Ibs.), can be neglected. 
d = 130 mm., W = 215°7 em.? (13°15 ins.*) 
Stress k,, = os ap = 331 kg./em? (2°132 tons per sq. in.) 
Z1lovd 
Admissible 500-600 kg /em.? (8°23-3'87 tons per sq. in.) 


Cross Section V. 
A = 3,400 kg. (7,470 lbs.) 
M, =P x r=8,100 x 11 = 89,100 em.kg. (6,440 ft./Ibs.) 
M, =A (a +e) —P x e =3,400 (21 + 9°75) — 8,100 x 9°75 = 25,575 em.kg. (1,849 ft./Lbs.) 
M,, = 0°97 x 89,100 + 0°3 x 25,575 = 94,115 cm.kg, (6,810 ft./ibs.) 
feore len greece luk oes) Se Woby Rae INiaT 
v=— = : a —— ~*~ = 294 em.3 
24 8 24 FI 94 em 
24,115 = 320 kg./em.? (2°06 tons per s¢ in.) 
Rika el wie a eee A ic 
Admissible 300-400 kg./em.2 (1°935-2°58 tons per sq. in.) 


Stress k,, = 


bebe 2 


G Scale 1.10 mm 
Plate Va. 


Plate Ve. 


Plate Vb. 


Ba as fa td One tg ce 


By H. N. PEMBERTON. 


INTRODUCTION. 


The important advances made in the art and science of welding and the ever increasing sphere of its 
application in engineering, boilermaking and ship construction, demands that close attention and study 
be given to the subject by those whose duty it may be to inspect welded structures for the Society. 

The purpose of this Paper is to describe as clearly and as briefly as possible the various welding 
processes in use, to show the individual advantages and characteristics of each, to reveal some of the 
problems and difficulties in welding technology, and to afford some guidance to those responsible for the 
approval of welds. Whilst a great deal of investigation into the properties of welded joints has been 
carried out in Europe and in America, and there is no lack of published information on the questions 
involved, it is not intended to reiterate a lot of published data, nor to put forward the well-known 
arguments for and against the acceptance of welded joints. 


Much that is presented in this Paper will be found to be common knowledge, but the writer believes 
that some useful purpose will be served in summarising this knowledge if it helps members of this 
Association to form a fairly clear idea of the present day position in regard to welding. Further, there is 
no little confusion of welding terms and nomenclature among those who come in contact with the subject. 
It is desirable that processes and the various details of welding technology should be described and under- 
stood in terms which are consistent and which are more or less standard in the welding industry. 


That the writer has found himself in a position to attempt this subject is due to the influence 
of Dr. Dorey who, in the first place, arranged for him to be attached to the welding department at the 
works of Messrs. Metropolitan Vickers, Manchester. During nine months spent at these works he 
obtained a thorough training in the practical application of various welding processes, and after a period 
in the workshops he received the privilege, not usually given to welding trainees, of working in the 
experimental welding development department, and was allowed the use of the testing laboratories. 
During the whole time, he received the unstinted help and advice of the works officials and research 
workers and it is desired to place on record his keen appreciation of their assistance and his thanks to 
Dr. Dorey who, from time to time, indicated useful and profitable lines of investigation. 


The writer has since been kept in close touch with all aspects of welding development, and with these 
few remarks it is felt that he has presented his credentials and has offered some evidence that his 
experience warrants the effort to deal with the broad subject of welding. 


CLASSIFICATION OF WELDING PROCESSES. 


Welding may be defined as a localised consolidation of metals by means of heat. ‘There are two 
fundamentally different methods, viz., heterogenous and autogenous. 

In heterogenous welding, joints are made by using a distinctly different material as filling metal. 
It differs from soldering and brazing in that welding equipment is used to melt the filling metal, which is 
usually a special brass of comparatively high melting point. Such brasses are generally sold under a 
trade name such as “Sifbronze,” ‘“Suder Bronze,” ‘Tobin Bronze,” ete. It is, however, with the 
autogenous methods in general, and the fusion welding processes in particular, with which this paper is 
chiefly concerned. 


In autogenous welding the parts are joined by the simultaneous melting of the edges with or 
without the addition of a filling metal of the same nature as the parts joined. This filling metal when 
employed usually contains deoxidising and other elements which tend to produce a deposit having similar 
physical characteristics to those obtaining in the parent metal. 

Fig. 1 is a simple chart of the family of autogenous welding processes. As the details of some of 
these processes overlap, this chart should be regarded as indicating predominant rather than exclusive 
features. 


The classification is made under three main headings, (1) Forge, (2) Pressure, (3) Fusion. 


FORGE WELDING. 


A process of welding metals in the plastic state by means of manual or mechanical hammering or 
rolling. It includes blacksmith, hammer, roll, and water gas welding. 


In manual forge welding the parts are heated to a plastic condition in a sinith’s hearth and then 
united by hammer blows. 


In mechanical hammer welding the blow is applied at a lower velocity than in manual welding, but 
the hammer may be as heavy as is convenient and its momentum may be augmented by steam, hydraulic 
or other pressure. 

In roll welding the plastic material is passed between mechanically driven rollers which apply the 
required pressure to form the weld. 

In water gas welding the gas is a mixture of hydrogen, carbon monoxide, nitrogen (6 per cent.) and 
methane (1 per cent.). The gas, which is of a reducing nature, is obtained by passing steam and air 
alternately over incandescent coke. The calorific value of water gas is about 225 B.T.U.’s per cubic 
foot. The gas is conveyed to the burners of the welding machine where it is mixed with air at high 
pressure and burns at a temperature of about 1,800°C. ‘The flame is directed on to the parts to be 
welded, usually lapped seams, and when the metal reaches the plastic condition the weld is completed 
under the pressure of mechanically operated hammers or rollers. 


So far as the strength properties of water gas forge welding are concerned, it has been found that 
under the best conditions it is seldom possible to obtain more than 50 to 60 per cent. of the ductility 
obtained in the material remote from the weld. 


It should be borne in mind that in lap welding there is always the danger of inadequate fusion of the 
parts. In the finished article it is difficult and often impossible to discover such defects, even with the 
help of X-ray examination, In this connexion it should be pointed out that the defect is most likely to 
be at right angles to the direction of the rays, and consequently may not affect the intensity of the rays 
sufficiently to form a shadow on the film. Another defect which is common in forge welding, is the 
thinning of the plates in way of a welded seam. 

GEnERAL.—Forge welding is the oldest welding process in existence, and whils* manual forge welding 
is limited to small objects, hammer, roll and water gas welding have been applied to heavy forgings, 
large diameter pipes, containers, furnace tubes and pressure vessels. These fields are now being invaded 
by electrical resistance pressure welding and by fusion welding. 

Considerable bias exists in favour of forge welding for the seams of iron and steel pipes, etc. This 
is no doubt due to the fact that for many years this process has been applied and accepted, and has created 
confidence. For many years it has been the only process which could be accepted for steel boiler plates 
subject to tensile stress, without & covering strap, and then only for small steam domes, by special 
permission, where the plates did not exceed 4 in. in thickness. The strength of the weld in such cases 
was taken as 50 per cent. of the solid plate. 


It is believed that there will always be a field for forge welding. There can be no doubt that 
considerable improvements have been effected in recent years in the water gas process, which in some 
quarters is advocated for the welding of boiler drums. It has yet to be proved, however, that welds 
suitable for such important pressure vessels can be produced consistently. Test results so far obtained 
leave something to be desired and indicate that the allowable joint efficiency should be much less than for 
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good fusion welding. Further, for carbon steels having a tensile strength between 26 and 32 tons 
per sq. in., the upper limit of plate thickness which can be satisfactorily welded is in the neighbourhood of 
1} ins. For steels of lower tensile strength the limit, under ideal conditions, may be extended to 2 ins. 

Apart from the welding of iron and steel, forge welding processes can be applied to aluminium and 
copper. In the latter case the absorption of oxygen makes the operation of welding somewhat difficult. 
An interesting point in regard to the forge welding of aluminium is that the metal does not change colour 
with heat. It is, consequently, very difficult to determine when the correct welding temperature has been 
reached. 

Forge welding, provided it is carried out at the correct temperature, is undoubtedly a sound and 
efficient process, but in many of its present spheres of application it is hound to be superseded by modern 
electric welding processes in which a more scientific control of the welding operation is obtained. 


PRESSURE WELDING, 


A process of welding metals in the highly plastic or molten state by means of mechanical pressure. 
Under this head are included Resistance and Thermit Pressure Welding. 

In Execrrican Resistance WELDING the welding heat is obtained by passing a current across the 
resistance set up between the contact areas of the parts to be welded. Since heavy current at low voltage 
is necessary, it Is usual, except on light work to use alternating current. For mild’carbon steel the current 
required per square inch of area to be united is in the neighbourhood of 30 k.w. for about ten seconds, 
and a welding pressure of between 5,000 and 8,000 Ibs. per sq. in. The power required varies inversely 
as the time. The pressure, whilst it does not vary with time, must be modified for different grades of 
metal. 

The electrode die must possess good thermal and electrical conductivity, combined with great hardness 
and sufficient strength. Hard copper electrodes are generally used, and’ in many cases they are water 
cooled. 

Resistance Welding is classified as follows :— 

(1) Butt Welding; (2) Spot Welding; (3) Seam Welding ; (4) Percussive Welding. 

Burr Wei_pina.—This process can be further subdivided into -— 

(@) Upset Method. (6) Flash Method. 


In the Upset Method, the parts are mechanically gripped and pressed together, while heat is 
generated by passing a large current through the areas of contact. Uniform distribution of the heat at 
the joint faces is essential, therefore the contact faces must be clean and uniform. The extruded metal is 
upset into a convex form and can either be moulded to a definite shape in a die, or ground off. 

The current is switched off when the welding temperature is reached, and a little extra pressure is 
then applied to the parts being joined. Fig. 2 shows the diagram of a typical butt welding machine. 

A joint made in this way will be as shown in Fig. 3. The upset, or bulbous portion is due to a 
softening of the parts under pressure and high temperature. The joint is slightly weaker than the parent 
metal. 

In the Flash Method, a similar machine is used, but approximately only half the power is required. 

The surfaces of the parts to be joined need not be square or clean and are brought lightly together 
with the transformer energised. An are is struck between the points which come in contact, and by 
advancing and retarding the parts so that the are is maintained between them, a steady stream of sparks 
will be thrown out as the ends of the two portions burn away. After a certain amount of the metal has 
been remoyed in this way, and when, due to the “evening up” of the contact surfaces, the are is reasonably 
steady, the current is switched off and the two portions forced together as quickly as possible. The 
resulting weld should be free from flaws and should have the minimum amount of “upset”? as shown 
in Fig. 4. The extruded metal is in the form of a thin fin which may be ground or chipped off. Joints 
of equal strength to that of the parent metal can be obtained by this method. 

Butt Resistance Welding is applicable to either thick or thin materials, and is used for joining bars 
of any section, channel iron frames, levers, chain links, high tensile steel tips on cutting tools, tank seams, 
pipes and flanges, rails, &c. 
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Solid steel shafting and heavy pipes having cross sectional areas up to 60 square inches have been 
welded by this process. 

The Flash Method is employed extensively to unite the edges of metal sheets up to about ;*y in. in 
thickness. In all applications it is essential that the areas of the sections being joined be equal, if a strong 
and reliable joint is to be obtained. Butt Resistance Welding is not confined to steel, it can be applied to 
other metals, including brass, bronze, copper and aluminium. 


Spor WeLDING.—This process is used for joining overlapping sheets by means of spot welds formed 
between the sheets. Fig. 5 shows a diagram for the machine, it is similar to that used for butt welding. 
The parts io be welded are placed between two dome-shaped copper electrodes which are used to force the 
plates into contact. The welding heat is obtained by passing a large current at fairly low voltage through 
the portion of the sheets in contact with the electrodes. As soon as the correct heat is obtained the 
current is automatically switched off, and extra pressure applied to the electrodes to complete the weld. 
The sheets are thus united at a spot the size of phish is approximately that of the points of the electrodes. 


To ensure good spot welding, it is essential to have a machine of ample capacity for the work. 
The surfaces of the metal should be free from scale or rust, and the correct holding pressures employed. 
The electrodes should be of hard rolled copper of suitable size and shape for the sections being welded. 
When welding thin to thick material the flatter tip should be next to the thinner material as in Fig. 6. 


In cases where one side must not be marked, a flat electrode may be used against that side, otherwise a 
slight depression is formed on the outer surfaces of the sheets at the spot weld. 


Table 1 shows the combinations of metals which can be spot welded. 
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Burron Spor WeELDING is a method sometimes used for very thick plates ; small metal buttons are 
placed between the electrodes and the plates, serving to localise the flow of current and eut down the 
amount of pressure required. The work heats rapidly and the partially melted buttons are forced into 
the joint. 

Prosecrion Spor Warping is performed with the same machine as in ordinary spot welding, but 
employs flat parallel electrodes as shown in Fig. 7. Small ridges or other projections are first. formed, by 
rolling or otherwise, on one or both of the sheets. The projections serve to localise the flow of current, 
and welding takes place on the projections. The completed joint is flat and strong, Groups of these 
projections are usually welded at once, so that large plates may be welded cheaply and quickly. A typical 
example of the application of this process is in the welding of wire fabric, where the wires cross each other 
to form a mesh, the contour of the wires form the required projections. 

In theory the spot welding process could be applied to material of any thickness, but in the case of 
very thick plates the large current and high mechanical pressure required necessitate machinery so heavy 
as tobe impracticable. ‘Ihe field of spot welding, therefore, is largely restricted to thin material, with 
an upper limit of } in. thickness. 

Seam Weipinc.—This process of resistance welding is used to form lap welds on thin sheets (up to 
about 4 in. thick). The sheets are passed through copper rollers which carry the heavy welding current. 
This current is interrupted at rapid intervals so as to form a number of overlapping spot welds. Fig. 8 
shows the arrangement. 

Close and accurate control of the frequency of current interruption is important in seam welding, 
and resistance welding machines in general. The problems of providing a control which will stand up 
continuously without requiring frequent repairs or adjustments, and. will positively close the welding 
circuit, measure out a definite number of cycles, then open the circuit, then again close the circuit, 
repeating the cycle of operations as long as is necessary, have been solved by the use of a mercury vapour 
rectifier known as the Thyratron Tube. 

The theory of the operation of a Thyratron Tube as a relaying device is outside the scope of this 
paper. It has been fully described in a paper entitled “Electron Tubes in Industry” given at the 
Winter Convention of the A.I.E.E., New York, Jan. 26-30, 1931, by Mr. W. R. King, of the Industrial 
Engineering Department, General Electric Company. Quoting from’ this paper :— 

“One relaying device has been developed in which thyratrons are employed to short circuit 
the high voltage secondary of a series transformer whose primary is connected in series with a 
resistance welding transformer. The change in the impedance of the primary of the series 
transformer as the thyratrons are alternately permitted by their grids to pass current and not pass 
current, makes it possible to control at high rates of speed the intermittent flow of current to the 
welding machine without any mechanical wear and tear or burning of contact tips as experienced 
in mechanical interrupters and contactors.” 

It might be noted that in practice, the rate of current interruption may exceed 1,000 per minute. 

PercusstvE WrLbING.—This is a resistance welding process, in which the electric current. is 
suddenly discharged across the contact areas to be welded, and a hammer blow is applied simultaneously 
with, or immediately following the electrical discharge. 

When the discharge of a condenser is used to supply the arc energy the process is known as ELECTRO- 
Sratic PercusstvE WELDING ; and when the stored energy in a magnetic field is transformed by the 
collapse of the field to supply the arc energy, the process is known as Enecrro-Ma@neric Purcussive 
WELDING. 

Direct current is used in the machines, and the sudden discharge of electrical energy at the junction, 
produces an are which is extinguished hy a percussive blow, the surfaces united being in a partially fluid 
condition. These processes are especially suited to the multiple welding of different metals or different 
grades of the same metal as in the manufacture of automobile parts, and tools, where it may be desired to 
unite an expensive with a less costly portion. 

In general, Resistance Welding is a rapid multiple manufacturing process. In all processes, except 
for light parts for which portable resistance welding machines are available, the weight of the welding 
machinery requires the work to be carried to the machine, and hence these processess are essentially 
factory operations. Their employment in quantity production is widespread. 


6 


The application of any resistance welding process requires a certain skill on the part of the operator 
in order to avoid overheating of the parts joined. The method is now commonly used in the joining of 
thin pipes such as superheater tubes. 

Spot and seam welding for the joining of overlapping plates has the advantage of greater joint 
strength than would be obtained by riveting since the cross section is not weakened by rivet holes. 

Tuersrr Pressure Weipixc.—When a mixture of iron oxide and finely divided aluminium is 
ignited, the two materials react exothermically, and the reaction progresses throughout the mixture thereby 
converting it into two new materials, a superheated mass of the metal itself and a slag composed of molten 
aluminium oxide (alumina). 

In Thermit Pressure Welding, the welding heat is obtained from this self propagating exothermic 
reaction, which produces a temperature of about 3000° @. The required apparatus is light, portable, and 
independent of any external source of heat or power, and the process is as follows :— 

The parts to be welded are accurately faced and then held tightly together by clamps. A mould is 
placed around the parts and the proper amount of “thermit” ignited in a small crucible or ladle. As 
soon as the reaction is complete, the contents of the crucible are poured into the mould; the alumina, 
which floats on top, going in first, covers the inside of the mould and the surfaces of the parts with a 
protective coating which prevents the superheated liquid iron from coming into direct contact with either. 
The parts are brought up to the welding temperature by the heat of the liquid mass and then squeezed 
together by means of the clamps. The time for the whole operation is a matter of minutes, the clamps 
‘an be released immediately and the thermit mass knocked away from the welded joint, leaving a slight 
“upset” on the weld. This process can be applied with safety to tubular parts, and may be used for the 
welding of pipes. See also THERMIT Fusion WELDING. 


FUSION WELDING. 


Reference to the chart, Fig. 1, will show that Fusion Welding is subdivided into three distinct 
processes :-— 

(1) Gas; (2) Are; (3) Thermit (Fusion). 

It might here be noted that the Atomic Hydrogen Process can be considered under either headings 
(1) or (2), being a combination of gas and are welding. 

In Fusion Welding Processes no external pressure is applied. The weld is produced in the fluid 
state, usually with the addition of metal melted from a wire or rod. 

Gas WELDING is a fusion process wherein the welding heat is obtained from a gas flame which is 
obtained by mixing a combustible gas with oxygen and allowing combustion to take place at the ‘nozzle 
orifice. 

Several combustibles have been used such as acetylene, hydrogen, coal gas, ethylene, methane, benzol, 
ete., but the oxy-acetylene flame is the one in most common use. 

Certain proprietary processes such as the Koerner and the Frama involve the mixing of coal gas 
with acetylene. Extravagant claims are often made for such processes, but the main advantage is an 
economic one arising from a reduction in the consumption of oxygen and acetylene. 

Coal gas is cheap, but its calorific value is low, so that its sphere of useful application is limited to 
metals of low melting points such as lead. Hydrogen has a lower calorific value than acetylene, and the 
difference in the cost of these gases is hardly sufficient to justify its use to any great extent. 

Ethylene and methane gases have been used in combination with oxygen, but in general the results 
are not satisfactory. The application of these gases is definitely limited by insufficient welding 
temperature. 

Vaporised benzol is used in various processes similar in principle but differing in trade name. The 
gas is dangerous and the quality of weld obtained unsatisfactory. 

AcrTrYLENE gas is obtained from a chemical reaction between carbide of calcium and water. It is of 
a reducing nature, and has a flame temperature of 3100° GC. It is supplied to the blowpipe at a pressure 
which depends upon the system used. If supplied direct from an acetylene generating plant the pressure 
may vary from a few inches of water head, in the case of the usual type of plant, to 20 Ibs. per sq. in. in 
the case of high pressure generators, or in systems in which low pressure gas is boosted to a higher 
pressure as in the Frama process. 
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If supplied in cylinders direct to the blowpipe, as in the dissolved acetylene process, the required 
pressure is obtained by throttling the gas at the regulating valve on the bottle head. 

Several types of gas welding torches are in use, but they are all designed to meet the requirements of 
one or other of two distinct systems of gas welding, viz. : the high pressure system and the low pressure 
system. The torches are therefore known as high pressure torches in the one case and injector torches 
in the other. 

In the high pressure system the oxygen and the combustible gas are supplied to the mixing chamber 
in the torch at equal pressures, which, in practice, vary between 1 Ib. per sq. in. for very thin plates to 10 
or 12 Ibs. per sq. ins. for plates exceeding 1 in. thick. 

In the low pressure system the oxygen is supplied at high pressure to the torch which, operating on 
the injector principle, draws the combustible gas from a low pressure container or generator. In this 
system the oxygen pressure varies between 5 and 45 Ibs. per sq. in., depending upon the thickness of 
the parts being welded. 

As a guide to the sizes of filler rod and blow pipe for various thicknesses of plate, the following 
figures are quoted from the * Report of the International Advising Bureau for Carbide and Welding 
Technique, Geneva.” A special research committee was formed by the Bureau in September, 1931, for 
the purpose of making an exhaustive study of oxy-acetylene welding. 


TABLE 2. 


| 
| Plate Diameter of | Bore of | Technique 
| Thickness. Filler Rod. Nozzle. recommended, 
mim. | mm. mm. 
4 3 2, | Rightward 
6 4 | PAS) | nn 
8 4-5 | rs | “7 
10 5-6 3°2 a 
| 12 ( 3°5 é 
| 1h 6 | s 
20 | 6-8 5 ” 
| 2 6-8 Hn) a3 
30 68 oo. ” 
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The approximate consumption of acetylene gas in litres per metre length of seam may be estimated 
as follows :— 


For plates up to 4 mm. thickness, consumption = (800-1,200)t*. 
For plates 4 mm. to 12 mm. thickness, consumption = (700-800)t?. 
For plates above 12 mm. thickness, consumption = (700)t*. 


N.B.—*t” = thickness in ems. 
The consumption of oxygen is usually about 10 per cent. greater than that of acetylene. 
A given size of flame may be obtained either by a large nozzle and a low gas velocity or by a small 
nozzle and a high gas velocity. The former is called a “soft” flame, the latter a‘ hard” flame. 
Low velocity = 50 to 80 metres per second. 
Medium yelocity = 90 to 120 re < 
High velocity = 130 to 160 - “r 
The choice of gas velocity, and therefore size of nozzle, is governed by the technique employed, and 
to some extent by the skill of the welder. 
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The nozzle sizes recommended in Table 2 are for medium gas velocities, and allow a gas 
consumption in accordance with that mentioned above. It may be mentioned that a blowpipe which 
allows too great a consumption of gas will lead a welder into trouble, as he will have little control over 
the flow of metal and penetration will be excessive to the point of burning holes in the plate. 


“Rightward” and * Leftward” technique are clearly explained in Fig. 9. These have been found to 
give minimum distortion and best results for the plate thicknesses as indicated in Table 2. For plate 
thicknesses less than 4 mm. ‘“ Leftward”’ technique is recommended and the diameter of filler rod should 
be as small as practicable. 


Correct regulation of the gas mixture is of primary importance in welding. If the mixture contains 
an excess of acetylene, a carburising flame results, if an excess of oxygen, an oxydising flame restlts, 
whilst a correct balance of acetylene and oxygen results in a neutral flame. In most gas welding 
operations the neutral flame is used, but in welding certain alloys, and aluminium, a_ slightly 
carburising flame is permissible. An oxidising flame must always be avoided. 


The operation of gas welding consists in holding the toreh in one hand so that the tip of the 
incandescent cone almost touches the base metal, while with the other hand the “filler” rod is held near 
to the work. The flame is oscillated over the base metal, first slightly ahead of, and then at the weld, so 
as to melt it into a plastic puddle. The filler rod is melted by the heat radiated from the flame and 
puddle, and in melting, it adds to the volume of the puddle. When the molten metal deposited in the 
puddle attains sufficient volume, both flame and rod are moved progressively forward (or backward) thus 
permitting the deposit to solidify and cool gradually as an integral portion of the base metal parts. 


A neutral flame should be used. Excessive oxygen leads to oxidation of the weld metal, whilst 
excessive acetylene means a loss of ductility. The best welding flame has only a slight acetylene feather, 
and in order to ensure this condition the flame should first be adjusted until it is definitely reducing, 1.e., 
until there is an unmistakable excess of acetylene. The acetylene should then be eut down (or the oxygen 
increased) until the last trace of the acetylene feather is just disappearing, see Fig. 10. The presence of 
this slight feather or haze of acetylene round the main cone of the flame indicates that the flame is not of 
an oxidising nature. As welding proceeds and the blowpipe gets hot there is a tendency for the acetylene 
to disappear and for the flame to become oxidising, this calls for frequent checking of the flame condition 
and gas pressures. It is advisable to cool the torch from time to time during welding, by dipping it in 
water, with the gas shut off. 


There is nothing automatic in oxy-acetylene welding, it requires skill and concentration. Besides 
watching the condition of his flame, the welder must observe closely the actual “fusing” process, and he 
must have it under strict control. He must watch the sides of his groove melting, bring the puddle to 
the right degree of fluidity, and carefully control its dimensions. He must not play his flame too long at 
one point, it must move on at a st “ady rate, yet he must keep bringing it back a little in order to prevent 
too rapid cooling and to allow slag to come to the surface. An unsteady hand, or a wandering mind can 
do a lot of damage which might possibly go undetected. Burning of the base metal, formation of gas 
pockets, atmospheric contamination through allowing the molten pool to become exposed. ‘These are the 
results of faulty manipulation, that is to say, the excessive, and perchance, involuntary vertical or horizontal 
movement of the torch, or the unobserved variation in the gas mixing ratios in the flame. (See also the 
section dealing with Inspection of Welds). 

The preceeding paragraph applies also to oxy-hydrogen welding, a process which, though fairly 
common and well known, is not so extensively used as oxy-acetylene. The oxy-hydrogen flame, however, 
requires considerable experience to manipulate as the welding zone is difficult to distinguish. 


GrxeraL RemarKs.—The gas fusion welding process is one which is extensively used in industry. 
It is specially suitable for thin gauge metals, whilst for certain non-ferrous metals, including copper, 
brass, aluminium, lead and zine, it is, with the exception of Atomic Hydrogen, the only fusion process 
which can satisfactorily be applied. 

So far as the welding of steel structures is concerned, one of the chief points of criticism is the 
absence of local concentration of heat. As a consequence the parent material is affected for a considerable 
distance from the weld. In other words the “affected zone” or “disturbed area” is greater than in are 
welding. Further reference will be made to this point in the section d aling with heat treatment, 
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The spreading of the heat also causes distortion of the parts being welded; such distortion can, 
however, he minimised by careful arrangement of the work, the adoption of the proper technique, and to 
some extent by preheating if practicable. 

Preheating may be done with a torch in which gases cheaper than compressed oxygen and acetylene 
are used, the work may be surrounded by a charcoal-fire, or it may be placed in a furnace. There are 
several advantages to be derived from preheating. It reduces the possibility of subsequent cooling strains 
following the welding operation. It effects an economy in the consumption of the more expensive gases, 
oxygen and acetylene, and it saves the operator's time. It also tends to release the locked up stresses 
which may already exist in the base metal. Preheating is specially desirable in the welding of materials 
having low ductility. 


The process has also been criticised from the point of view of test results for tensile strength and 
ductility. Such criticisms invariably emanate from sources more directly interested in the propagation of 
electric are welding. It may be that the personal skill of the welder is a more important factor in oxy- 
acetylene welding than in are welding, but it is wrong to conclude that test results equal to those given 
by are welding cannot be obtained. It must, of course, be borne in mind that the quality of a weld is so 
vitally affected by atmospheric contamination, that any process which does not provide adequate protection 
to the heated metal must fail to produce the strongest type of weld. It has already been indicated that 
by using the right torch, and by careful control of the gas mixture, some measure of protection can be 
given. From what has been said it will be real sed that it is not sufficient to s/ar/ welding with the 
correct mixture. The welder must be ever on the alert to detect slight changes in the characteristics of 
his fame and make adjustments a cordingly. Therein lies a very serious criticism of oxy-gas welding. 


Aromto HypbroGeN WeLDING.—This is one of the most recent developments in the art and science 
of Welding. The process originated as a result of researches into the behaviour of heated tungsten 
electrodes in molecular hydrogen gas. 


Investigations have shown that many chemical reactions, impossible with molecular: hydrogen, take 
place when the gas is in the atom‘e state, and some of the most refractory materials can be melted in the 
flames of atomic hydrogen. 


To produce atomic hydrogen, tungsten is heated toa high temperature and brought into contact with 
hydrogen gas. The high temperature increases the speed of thermal agitation of the hydrogen molecules 
until the forces between the two atoms comprising the molecule are no longer sufficient to hold them 
together. In doing this a large amount of energy is absorbed from the electrical supply which is used to 
produce the thermal agitation, Thus hydrogen has the remarkable property of converting electrical 
energy into thermal energy. 


By striking an are between two tungsten electrodes and blowing a stream of hydrogen gas through 
the are core, the high temperature of the are completely dissociates the whole mass of gas in contact. with 
it. This atomised hydrogen rapidly diffuses from the core to the cooler regions where it recombines into 
the molecular state. In so doing the gas gives up the energy previously absorbed from the are causing a 
liberation of intense heat. Thus an extremely hot flame is obtained from a single gas without any 
combination with oxygen. Outside the zone of intense heat, the molecular hydrogen burns in the 
usual way. 

The melting point of tungsten is extremely high, 3,300° C., nevertheless the electrodes burn away 
slowly in the atomic hydrogen flame. 

The welding temperature obtained, in the flame, is higher than that obtained in any other gas 
welding process, it has been calculated to be about 3,700° GC. This temperature is concentrated in the fan 
shaped are flame, shown in Fig. II, there is consequently little tendency to distortion of the parts being 
welded. 

Alternating current is used, with an open circuit voltage of about 300. There is usually a drop of 
about 36 volts at the electrode surfaces, and about two-thirds of the are energy is used to dissociate the 
hydrogen. 

The “fusing” energy is entirely derived from the electrical supply, the gas is merely the efficient 
carrier of heat energy. 
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Due to the reducing action of both atomic and molecular hydrogen the molten metal under the flame 
is protected from atmospheric contamination. There is, however, very little protection for the weld 
metal during cooling, nor is there any control of the rate of cooling. For this reason, unless subsequently 
subjected to heat treatment, the weld may lack ductility. 


It is, however, well to know the claims made in favour of atomic hydrogen welding. It is suggested 
that as the heat generated by the atomic hydrogen process is very much greater than that produced by 
any other process, a longer period of cooling is required and this tends to promote ductility. Against 
this is the fact that the intense heat is entirely local and the molten pool very small, so that in practice a 
fairly rapid rate of cooling takes place. A greater measure of credence may be given to the claim that 
owing to the high degree of purity of the atomic hydrogen mild steel weld, the weld metal solidifies over 
a narrower range and at a higher temperature than in other processes, the cooling curve approximating to 
that for pure iron. It is also stated that because of the active decarburising effect of atomic hydrogen 
welding, there should be no necessity for further heat treatment in order to obtain ductility. 


Mild steel has the property of absorbing hydrogen, and a common fault with the atomic hydrogen 
process is the formation of hydrogen blowholes. ‘To minimise the possibilty of this fault, the welder must 
see that the molecular hydrogen flame, surrounding the arc, plays upon the weld. This factor in the 
technique slows down the rate of cooling and tends to give the gas time to come out of the weld. At 
present, it can be asserted with confidence, that, under shop welding conditions, no atomic hydrogen weld 
is entirely free from blowholes, more especially if the welding has been carried out in “multi” runs. In 
fairness it might be pointed out that the presence of such blowholes does not necessarily indicate a weak 
weld; extremely good tensile and ductility figures have been obtained for welds the structure of which 
resembles a sponge. However, from the point of view of fatigue and corrosion resistance, blowholes are 
very undesirable. Unfortunately these gas inclusions can seldom be detected from the outside of the 
weld, which may, and usually does, have a perfect appearance. 


A proportion of carbon in the metal disappears under the action of the are flame: this can be 
compensated by having a pre-determined additional amount of carbon in the filler rod. At the same time 
it must be remembered that a certain amount of tungsten passes into the weld from the electrodes, and 
this, it is claimed, serves to strengthen the weld. 


The “filler” metal is usually supplied by a rod, as in the oxy-acetylene process. Another method is 
to lay strips of filling metal in the grooves as shown in Fig. 12. In thin steels, up to say ¢ in. thick, a 
“filler” rod may not be required, the plates being readily fused together under the are flame, as 
in Fig. 13. 


The Atomic Hydrogen process is specially suitable for the welding of austenitic chromium and 
chromium-nickel steels; but the corrosion resisting properties of the metal adjacent to the weld, and 
outside the influence of the atomic hydrogen, is apt to be impaired due to carbide precipitation. This 
may be corrected by heat treatment after welding. 


This process can be applied to cast iron and most of the non-ferrous metals. Brass is difficult to 
weld, especially if the zinc content exceeds 40 per cent. 


Deoxidised copper can be welded, but should be pre-heated to a dull red. 


It is claimed that the Atomic Hydrogen process has advantages over all other processes in welding 
a Bycrogen f shes Au g 
speed, st rength, ductility, absence of distortion, and freedom from oxides, nitrides and slag. 


In truth, however, the strength and ductility la gely depends on the adoption of the correct 
technique, and may vary with different operators. — It would be unsafe to accept any atomic hydrogen 
weld without annealing. Further, no atomic hydrogen weld has ever yet been made which is entirely 
free from oxides and nitrides, in spite of the powerful reducing nature of atomic and molecular hydrogen. 
Perhaps the most serious criticism which can be applied to this process is on account of the presence of 
gas inclusions and the unmistakable porosity of most of the welds made under shop conditions. One has 
only to watch the welding operation through a coloured screen to see the state of considerable thermal 
agitation and the formation of thousands of gas bubbles, a large percentage of which remain near the 
surface of the weld. 
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The metal under the are is very fluid; for this reason the process, unlike the oxy-acetylene process 
in which the welder has more control over fluidity, cannot be used except for flat horizontal welding. For 
the same reason the process cannot be recommended for very light gauge material, say less than ,'y in. 
thick, as the operator cannot control the flow of metal. For material thicker than a } in. more than one 
run of welding metal is required, and, as stated before, with every additional run of metal the chances 


of gas inclusions are increased. 


Dissocrarep AMMONIA.—The search for cheaper substitutes for hydrogen has led to the use of 
dissociated ammonia, which is now commonly used in Atomic Hydrogen Welding. Briefly, the gas is 
obtained by passing anhydrous ammonia through an electrically heated chamber in the presence of a 
suitable catalyst. At a temperature of about 530° C., the ammonia is split up into its constituent 
elements in the proportion of three parts hydrogen to one of nitrogen. ‘This mixture is used instead of 
pure hydrogen. The nitrogen is completely inert and takes no part in the process of welding. To 
obtain equal welding conditions as with pure hydrogen, slightly larger gas openings are required. The 
hydrogen pressure is between 1 and 2 Lbs. per sq. in. 


Tests have shown that the gas consumption is about 40-45 cubic ft. per hour as compared with 
30-35 cubie ft. for pure hydrogen, but as the cost of dissociated ammonia is only one-quarter that of 
pure hydrogen, a considerable saving is effected. Against this there is an increase in the consumption of 
tungsten electrodes by about 10 per cent. 


In the best atomic hydrogen welds the nitriding effect is very slight as evidenced by the relatively 
few needles which can be seen in the structure, and the fact that the elongation is comparable with that 
of welds made with other processes. 


A particular advantage of the atomic hydrogen process is that, unlike the metallic arc process, 
slags and fluxes are unnecessary. Atomic hydrogen does not attack any other element but the carbon, 
and by adjusting the carbon content of the filler rod, weld metal having a similar analysis to the parent 
metal can be obtained. 


Arc WeELDING.—An are has been defined as the successful effort of an electric current to jump 
across a gap in its circuit. We are not concerned with the sufficiency or otherwise of this definition, but 
before going on to discuss the practice of are welding, it would not be out of place to refer briefly to the 
electrical and thermal properties of the are. 


When an are is drawn between two poles, we are informed that electrons are emitted from each pole, 
which pass at great velocity to the opposite pole. According to the electronic theory, the kinetic energy 
of the electrons is absorbed in the generation of intense heat at the poles. It is this heat obtained at 
each pole which is used for welding. 


In electric are welding the are is struck betwe.n a carbon or metal electrode connected to one 
terminal of a current generator and the metal to be welded, which is connected to the other terminal. 
The length of the are can be varied by varying the distance across the gap, by varying the current, or 
by placing a varying resistance in circuit. 


The electrical condition in the are is pec liar. /t seems to provide the one place in a circuit to 
Which Ohm’s Law does not apply. In other words, the resistance in the are stream is such that the are 
is endowed with what is known in the electrical world as a “drooping characteristic.” 


A higher voltage is required to strike an are than is necessary to maintain it, and as the voltage 
drops the amperage increases. This is an essential condition for the maintenance of an are. It is 
obvious, therefore, that if the are is supplied with current from a constant potential supply, it would be 
quite impossible to convey the necessary amperage for welding. 


Fig. i4 illustrates the “are characteristic.” For each current value in the are there is a 
corresponding voltage. Thus an are can be maintained at any point in the curve. For example, if it is 
necessary to weld with a current * A” then a voltage “B” is required between the poles of the arc. — It 
must be remembered. however, that a higher voltage, say “ B,” is necessary in the first instance to ionize 
the air space and strike the arc. ‘The curve is for a definite length of are ; any variation of are lenzth 
will bring about current conditions not represented on the curve, and the are will be extinguished. 


Now elasticity of are length is important in practical welding. — The provision of elasticity, within 
limits, is one of the primary factors in the design of welding machines. The subject opens up a wide 
field in electrical science, which is outside the scope of this paper, but it is felt that a few paragraphs 
devoted to the fundamental principles of are welding machines would not be out of place. 


In the first place, the welding machine must be able to withstand short circuits which take place 
many times each second during welding (this is referred to later). The short circuit current must there- 


fore be limited by arranging that the short circuit voltage falls below the welding voltage. At the same 
time the machine must provide a “striking ” voltage higher than that required for welding. 


It will therefore be seen that the current supply must also possess a * drooping characteristic,” and 
in the design of a welding machine, it is the choice of a suitable slope for the characteristic curve, which 
decides the degree of elasticity in the are. 


Fig. 15 represents the characteristic of a welding generator, “A” is the open circuit, striking 
voltage, *B” the short circuit amperage, and “©” a point in the stable welding zone. If this straight 
line is now superimposed on the are characteristic curve as in Fig. 154, it becomes apparent that 
under these conditions of current supply an are can be maintained at the point “C.” Bearing in mind 
that the arc must follow its own characteristic, whilst the current supply can only follow the line 
AB, any fluctuation in voltage and amperage will give a point which does not intersect the are characteristic 
and the are will be extinguished. 


Such fluctuations may be caused by involuntary alteration of the arc length during hand welding, 
by magnetic disturbances during welding, and by variation of the electrical resistance in the mass of the 
material being welded, possibly due to temperature changes. Whatever the cause, the are cannot 
be maintained because it is inelastic. 


Now, for every are length, a different are characteristic can be drawn. In Fig. 16 the curves for 
five different are lengths are shown, together with two current supply characteristics, * AB” having less 
slope than “ED.” From this figure +t will be obvious that a current supply following the line cD” 
will provide a more elastic arc than one which follows the line “AB.” In the one case an are can be 
maintained at “a,” “b,” “c” and “d” (four different are lengths), whilst in the other case an are can 
only be maintained at *e.” Thus the slope of a current supply characteristic is chosen so as to ensure, 
within practical limits, an clastic are. 


The characteristic referred to above is sometimes termed the ** static characteristic ” of the machine. 
In practice the * dynamic characteristic’ plays an important part in the stability of the arc, and also in 
its ease of operation. It is difficult to determine with any degree of accuracy the exact shape of the 
“dynamic characteristic,” as there are several variable factors involved which we need not go into here. 
Roughly, however, we may take the point *G" in Fig. 17 as representing the * peak ’” current at the 
moment of short circuiting the machine. “G” is obtained by simply measuring the total resistance In 
the circuit and applying Ohm’s Law. — Tt will be noted that“ G” falls outside the point * H,” which is 
the short cirenit current given by the ‘static characteristic.” It is the rapidity of the short circuit 
during welding (ranging from 20 times per second to four or five per second, depending upon the type of 
electrode used), which causes the machine to depart from its ‘static characteristic,” and the magnitude 
of the current “Gat the instant the weld metal globule bridges the gap between the electrode, and the 
work has a decided effect upon the operation of the are, and may adversely affect the weld. It ulso 
has the effect of creating a disturbance in the * Arc Crater.” and metal is thrown out of the weld ina 
series of explosions. 


In this connexion it might be said that short circuiting is much more rapid with bare than with 
covered electrodes, and this probably accounts for the fact that bare wire welding is more * explosive ” 
than covered wire welding. 


Reference has been made to what is known as the “stable welding zone.” Without going into 
theoretical detail, this zone lies in that portion of the are characteristic which will allow small 
fluctuations of voltage without materially affecting the stability of the are. For example in Fig. 18, if 
welding was attempted with an are length corresponding to the voltage X and amperage Y, the 
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slightest fluctuation of voltage would be noticeable in the are, which would jump about, spluttering and 
sizzling in a most erratic manner, seriously affecting the quality of the weld. This 1s because the point 
“OQ” is in the flat portion of the arc characteristic, and is outside the “stable welding zone.” On the 
other hand point “ P” corresponding to an are length requiring a current *'T’” and voltage “S$,” lies on 
a part of the are characteristic, the slope of which is more nearly approaching that of the supply 
characteristic, and therefore ensures a reasonable degree of are stability. 

These are factors which have to be accounted for in the design of welding machines, and are equally 
involved for both direct and alternating welding current. 


Are Welding Machines can be considered to be of three general classes :— 

1. Rheostat or Reactor Class: This is sometimes referred to as “ Mains Welding.” The 
class includes equipment which is connected directly to the source of current supply. the voltage 
being reduced by means of a resistance to the required value for the are. 

2. Transformer Class: This class refers to special transformers connected to a source of 
alternating power, the secondary circuit of which supplies the are. 

3. Motor Generator Class: This class includes various types of generators having special 
features. The generators are driven by prime movers, or by electric motors receiving current from 
the mains. 


“Mains Welding” has the disadvantage that external resistances have to be regulated, thus 
preventing any high degree of control over the consistency of the weld, further there is an economic 
disadvantage in that a large proportion of the electrical energy is dissipated in heating up the resistances. 


Early attempts at welding with alternating current were most unsatisfactory, it was found impossible 
to maintain a stable are with the sine wave current of the ordinary power line. The gradual building up 
of current first in one direction, its decreasing and building up in the opposite direction with the necessary 
passing through the zero value did not permit of a stable are. 


Consequently special welding transformers had to be designed capable of producing a stable welding 
current. These transformers have the effect of distorting the sine wave, resulting in prolonged maximum 
of both positive and negative current values with subsequent rapid changes through the zero point. 


As with direct current supply, alternating current transformers must be designed to provide a 
“drooping characteristic.” Briefly, this is effected by magnetic dispersion, that is to say, by regulating 
the number of lines of force in the primary windings which are allowed to cut the lines of force in the 
secondary windings. The simplest way of doing this is to have a moveable secondary winding so that the 
distance between the two cores can be adjusted as required, by the simple operation of turning a handwheel. 

Control of current strength is obtained by switching in or out a number of the secondary or primary 
turns. 


Welding machines which fall into the motor generator class are varied in type. With the ordinary 
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constant voltage generator, use has to be made of special external resistances in order to obtain the 

necessary drooping characteristic for welding. It follows that the most efficient type of generator is one 

which actually supplies welding current with a drooping characteristic, and automatically maintains the 
voltage and amperage within the limits required for welding. 

There are two well-known methods by which these conditions are satisfied, viz.:— 

1. Generators with opposed compound windings. 
2. Generators utilising armature reaction. 

Fig. 19 shows the circuit for a generator with opposed compound windings. The direction of 
current flow in the series coil is opposite to that in the shunt coil. Thus on short circuit the increase of 
current weakens the magnetic field and brings about the desired reduction in voltage. 

It will be noted that the shunt winding is separately excited. This is necessary in order to maintain 
the magnetism in the field during the short circuit. Obviously if the shunt winding was self excited 
then every time the voltage dropped to zero the excitation would be virtually lost. During welding short 
circuits occur many times per second, it is therefore important that the field strength should be sufficiently 
maintained to ensure an are striking voltage immediately the short circuit is over. 
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As the name implies, armature reaction generators make use of the distortion of the main field which 
is caused by the magnetic field set up by current flowing through the armature windings. In designing 
generators of this type it is arranged that at a definite maximum current the armature reaction is 
sufficient to weaken the main field to such an extent that the voltage drops to zero. Machines of this 
type are separately excited, and an interpole winding is fitted in such a way that it has the effect of 
strengthening the armature field and increasing armature reaction. 

There are, in addition, several special types of welding generators embodying patent features. 
However, the objects aimed at in all designs are :— 

1. Drooping characteristic. 
2. Elasticity. 
1. Stability. 

The whole question of welding machine design is, of course, in a state of development. Polyphase 
current transformers to enable welding to be carried out with 3-phase alternating current supply, multi 
operator welding sets, and automatic welding devices, are examples of the problems which manufacturers 
are tackling today. 

Carson Arc WeLpine.—This is a similar process to oxy-acetylene welding in that the filler metal 
is introduced separately into the weld. It may be described as a semi-casting process, the parent 
metal being reduced at the welding point to a fluid mass and the filler metal being puddled directly into 
the mass, or practically cast together. 

Fig. 20 shows diagrammatically, the carbon are welding circuit. Unlike the metallic are process, 
the filler rod is entirely outside the circuit. 

The carbon electrode is always used on the negative side of the are. Using it on the positive side 
incurs several disadvantages. In the first place an are thus obtained is extremely unstable and difficult 
to control. Secondly, the are is always maintained in the vapour of the positive electrode, therefore if the 
carbon electrode is positive, carbon monoxide comes in contact with the molten steel and is absorbed, 
resulting in rapid carbonizing of the steel and, of course, a brittle weld. 

There are two types of electrodes in common use, the hard carbon type and the graphite type. 
Although the hard carbon has the greater strength, the graphite electrode has the advantage of longer 
life, because of its lower electrical resistance. 

Table 3 gives the average current values for various sizes of carbon electrodes. 


TABLE 3. 


CuRRENT REQUIRED FOR CARBON ARC WELDING. 


ELECTRODE DIAM. AMPS. 

ins | 

‘6 7h 

} 100 

3 200 

4 300 
r 400 
1 600 | 


The are length varies between 1 in. and 14 ins. according to the current used. A slight hissing 
noise indicates that the are is functioning properly. The same care must be observed in carbon are 
welding as in gas welding to be sure that the molten metal from the filler rod flows into the molten crater 
formed by the arc. In manual welding there is always a possibility of the operator accidentally breaking 
the arc, and in re-striking the are he may dip the point of the electrode into the puddle of molten metal. 
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In this way sufficient carbon will be transferred into the molten metal to carbonize it and create a hard 
spot on cooling. 

Carbon are welding is used in steel foundries to repair defects in steel castings. The process can be 
used to some extent in vertical welding, but is best adapted for flat horizontal welding. It is specially 
suitable for the welding of cast steel, but is not recommended for the welding of mild steel and wrought 
iron, 

Attempts have been made with varying degrees of success to provide the carbon are with a hydrogen 
gas shield. It would be logical to assume that since such success has attended the atomic hydrogen 
process, a shield of hydrogen gas burning round the carbon are would show comparable results ; but due 
to the absence of the catalytic action of the tungsten electrodes, very little, if any, atomic hydrogen is 
produced when using a hydrogen shield with the carbon arc. Again, it is very difficult to obtain such a 
balance that all the hydrogen is consumed, and to prevent the unconsumed gas from being absorbed in 
the molten metal. 

Meratiic Arc Wenpine.—The development of metallic are welding during recent years has been 
so great that the process is now used extensively, and with perfect reliability, in the engineering 
industry. 

Manufacturers have found that welded construction has in many cases halved their production 
costs, effected a corresponding reduction in weight, and so simplified design that a more reliable and 
stronger job has been obtained. 


This process should be considered under two heads, viz. :— 
1. Bare Wire Welding. 
2. Covered Electrode Welding. 


Bare Wire WeLpinc.—Fig. 21 shows the welding circuit. The electrode, which is also the filling 
metal is negative and the base metal positive. Welding can be done with the polarity the other way 
round, but owing to the fact that approximately two-thirds of the heat distribution in an electric are is 
produced at the positive pole, and as the * work” usually has a greater mass than the electrode, and will 
therefore require more heat for fusion, best results are obtained with a negative bare wire electrode. 

Fusion is the “melting in” of the weld metal into the base metal or “work.” The secret of good 
fusion is the formation of a suitable “are crater,” that is the holloy which is melted in the work 
directly under the are, 

Close observation of the welding operation through a coloured screen shows that most of the weld 
metal is deposited by capillary action assisted by the electronic stream. Fig. 22 shows three stages 
in the transfer of a single drop of weld metal. Consideration of this figure indicates why too long 
an are produces brittle welds and too short an are insufficient penetration. 

Metal at high temperature, particularly in the very finely divided state in which it passes through 
the arc, has a very great affinity for oxygen and nitrogen contained in the atmosphere. These gases 
combine with the molten iron to form oxides and nitrides, which are the chief causes of weld 
embrittlement. 

A long are allows greater time for the metal in the are to remain in contact with the atmosphere 
and consequently gives rise to oxide and nitride inclusions. The only way to combat this when using 
bare electrodes is to employ as short an arc as possible. 

On the other hand, too short an are has equal disadvantages. When the are is held at the proper 
length so that the metal transfers by capillary attraction, the are is extinguished from the time the 
molten drop touches the are crater until it “necks off.” During this interval there is no arc, and hence 
no arc heat to fuse either the electrode or the parent metal for subsequent ‘ weld”’ drops. 

With bare wire welding 20-80 such drops are deposited per second, so that the interval during 
which the are is “out,” is only a small fraction of a second. Nevertheless, if the arc is held too short, 
each interval will be prolonged and the sum of the intervals will be so great that penetration will be 
sacrificed and the weld metal merely deposited, in drops, on the surface of the parent metal. 

The exception to the rule of connecting the work to the positive side of the circuit and the electrode 
to the negative side is the case of bare wire electrodes containing a high percentage of manganese or 
carbon. Also in the case of heavily covered electrodes, but this will be referred to later, 
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The application of “bare wire” welding is simple and straightforward. ‘There is no slag to clean 
off, and the metal solidifies so quickly that the process can be used in any position. It has the inherent 
disadvantage of oxide and nitride inclusions, and its rapid rate of cooling does not promote ductility. 
The process is not to be recommended for highly stressed parts, but there is ample room for the employ- 
ment of bare electrodes in marine work. The question of bare versus covered electrodes is discussed in 
the section relating to electrodes; and further reference to technique is made in the section dealing with 
the inspection of welds. 

ch following, in respect to plates and thicknesses, may be taken as a guide when using bare wire 
electrodes :— 


TABLE 4. 


PLATE THICKNESS | ELECTRODE SIZE CURRENT | 
(inches). (Standard Wire Gauge). (amps. ). 
a | | 
A | (12 80-100 | 
> { 10 90-120 
} { 10 100-130 
$ { 8 110-150 
f 10 110-140 
3 | eM 120-160 
6 130-200 
Macutne sev ror Heavy CURRENT. 
| 10 120-150 
4 - 8 130-170 | 
| 6 140-210 
{ 8 130-170 
§ ts 150-210 
ee 160-220 
\ 8 130-170 
3 720 150-220 
| 4 160-250 


Coverep Enecrrope Wetpinc.—The covered electrode is usually connected to the positive side 
of the circuit and the work to the negative. This is probably due to the necessity for extra heat on the 
electrode to melt the covering as well as the metal core. 

It should, however, be pointed out that no hard and fast rule can be laid down in regard to the 
polarity to be used. There are certain heavily coated electrodes which provide best results on negative 
polarity. The question largely depends upon the constituents of the covering, and it is important that 
the maker’s instructions in the matter should be followed. 

With the covered electrode using positive polarity the electronic stream appears to retard the rate of 
deposition, the number of weld metal “drops” per second being about 4 or 4. The negative polarity 
of the work does not mitigate against good penetration. This is accounted for by the longer “heating 
period” required, and the heat concentration due to the slag covering. 
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Fig. 23 shows five stages in the formation of one weld drop as might be seen in a slow-motion 
photograph. 

The advantages of welds made with covered electrodes is fully discussed later. 

One of the chief faults arising from the use of covered electrodes is the slag inclusion. Good 
welding practice demands that all the slag, which consists principally of mill scale, be thoroughly removed 
from each layer of weld metal before the succeeding layer is deposited. It is also important that the 
surfaces upon which welding is to be done should be clean. Oil and grease should be removed, otherwise 
not only is the stability of the arc affected, but carbon is introduced into the weld metal. 

OverHEAD Wenpinc.—The theory of overhead welding with the metallic arc process is illustrated 
in Fig. 23a. The cycle of deposition is as follows :— 


1. The metal at each terminal is liquified upon striking the are. 
2. The molten end of the electrode assumes an approximately spherical form. 


3. The globule enlarges. Aided by electrode manipulation its upper surface is brought into 
contact with the overhead molten pool, short circuiting the are stream. 


4. Forces of surface tension and adhesion at the contact area between the overhead plate and 
the globule cause the globule to change its form and spread over the plate surface. 

5. As the area in contact with the plate increases the lifting forces are also increased, ausing 
an acceleration of metal transfer. These forces act until the globule is lifted off the electrode end, 
When the short circuit is broken and the are re-established. 

This cycle takes place in a fraction of a second, and as with flat horizontal welding the rate of 
deposition is much more rapid with the bare electrode than with the covered. 

Whilst this cycle is based mainly on theoretical considerations (supported by slow motion photo- 
graphs taken by various investigators) it is certainly obvious that the forces which deposit the metal 
in an overhead position, must overcome the forces of gravity, cohesion and surface tension at the end of 
the electrode. It appears that transference of the metal is facilitated by using a small diameter 
electrode and by holding a very short are. The composition of the electrode has considerable influence 
on the ease of deposit, indeed, electrodes which give very satisfactory results in the flat horizontal 
position may not be at all suitable for vertical or overhead welding. 

The sphere of application of metallic are welding extends to every branch of engineering con- 
struction. Whereas all other welding processes have definite limitations, the metallic are is only limited 
by considerations of accessibility. The process can be used with every confidence in the welding of 
mild steel and wrought iron, high carbon and special alloy steels (including austenitic chromium and 
chromium nickel steel), cast steel, cast iron, copper, bronze, brass and aluminium. 

lt must, however, be remembered that with each application a special technique must be employed. 
The peculiar factors governing each different application of metallic are welding must be studied. There 
are certain fundamental precautions to be taken, some of which will be mentioned later ; but in general 
this Paper is not intended to be a ‘welders’ manual,” the various processes are merely outlined, with a 
general indication of their fields of application. 

Tuermir Fusion Wenpinc.—Reference was made to the exothermic reaction which takes place 
when a mixture of metallic oxide and aluminium is ignited, in describing the Thermit Pressure Welding 
Process. 

The main difference between Thermit Pressure Welding and Thermit Fusion Welding, is, as the 
names imply, that in the latter process no pressure is applied to the parts to be welded, which are fused 
together with the addition of a molten filling metal, the composition of which depends upon the nature of 
the parent metal and the physical properties which are required in the weld. 

The parts to be welded are thoroughly cleaned, and a gap formed between them. A wax pattern is 
formed around the parts, the shape of the pattern being the final shape of the required weld. A mould 
box is them placed around the wax pattern, and the space between the pattern and the mould box is 
filled with a mixture of sand and clay which is rammed until it forms a hard mould into which the 
‘thermit ” metal is to be poured. Provision is made for “risers” and pouring and preheating gates. 
The number and position of these will, of course, depend on the size and shape of the job. 
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The wax is then melted by directing a flame into each heating gate, and as it flows away it leaves 
clear the space to be occupied latter by the “*thermit” steel. Heat is continued so as to dry out the sand 
mould and bring the parts to be united to a red heat. 

The required “ thermit” mixture is placed in a crucible which is supported over the pouring gate. 
Some ignition powder is placed on top of the “ thermit ” mixture and ignited. The reaction is complete 
in about thirty seconds, and the “thermit” steel is then tapped from the bottom of the crucible, so that 
(unlike the Thermit Pressure Process) no slag gets into the mould. 

The superheated metal flows around and between the parts to be united, thoroughly fusing with their 
surfaces and welding them into one homogeneous mass. 

This is, in effect, a casting process, and very satisfactory welds have been carried out. 

By suitably varying the composition of the thermit mixture, welds of various strength and ductility 
van be made. ‘In a recent case a weld having an ultimate tensile strength of 35 tons per sq. in., and 
23 per cent. elongation on 2 ins., was obtained. 

The Thermit Fusion process can be used wherever it is convenient to place a mould around the 
parts. In marine practice the process can be applied to the repair of broken stern posts, stern frames, 
rudder posts, davits, anchors, etc. Other applications include rail joints, loco frames, rolling mill 
equipment, pinion teeth, etc. 

The preparation of the parts is important. Adequate allowance must be made for expansion and 
contraction, especially in the welding of cast iron parts, where, due to the inelasticity of the parent metal, 
cracks are likely to occur. 

The Metal and Thermit Corporation, of America, recommend the following formule to be applied to 
the welding of rectangular sections :— 


3 / Area 
G = Gap between parts = = 
T = Thickness of collar, same as gap. 
F 3 / Area 
W = Width of collar 0 +2 X gap. 


See Fig. 24. 


Avuromatic WeELpInc.—Under this head, it is proposed to deal briefly with the developments which 
have taken place recently in the application of automatic control to are welding. 

All the are welding processes, including the atomic hydrogen, are adaptable to automatic operation. 
Machines embodying identical principles of automatic control can be devised for a very large variety of 
applications. 

Perhaps the chief advantage of automatic welding over manual welding, lies in the increased speed 
of welding. It would be wrong to say that the human element is eliminated, as although the are is 
maintained automatically, very close vigilance is required on the part of the operator. Not only must he 
watch carefully the deposition of the weld metal, he must keep his current at the correct amperage, 
and to some extent, steer the welding head along the line of weld. Further, it is often necessary to 
“doctor” faulty spots by hand welding afterwards. 


Joints intended for automatic welding require careful preparation to ensure their uniformity. 
Correct positioning under the welding head is essential and this often entails elaborate jigs and clamping 
devices, depending upon the shape and size of the job. 

From a production point of view there are considerable savings which can be effected by the 
adoption of automatic welding. Savings in time, labour and costs. It is not intended to detail these 
savings here, but it might be pointed out that with automatic welding the work must be taken to the 
machine so that the cost and labour of handling must be taken into account. 

There are, in general, two forms of automatic welding, the straight seam welder and the circular 
seam welder. Besides these, as had already been stated, there are many forms in which the automatic 
welder can be utilised to make more complicated shapes of welds. 

An automatic welding head must be arranged to strike and maintain a stable arc, and to feed the 
electrode (either bare or covered) at the required rate. 
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At present there are not more than half a dozen firms in the world manufacturing automatic 
welding heads. In Europe the designs of Messrs. Metropolitan Vickers and Messrs. Siemens Schukert 
are the best known. Similar principles are involved in the design of other proprietary welding heads. 

Figure 25 shows diagrammatically the automatic welding head made by Messrs. Metropolitan 
Vickers. A variable speed motor drives the feed rollers through a magnetic clutch and three-speed gear 
box. Welding is accomplished by; first, touching the work with the electrode; second, quickly 
withdrawing it a short distance to establish the arc, and third, again advancing the electrode as it is 
melted away into the are. This action is controlled by the voltage relay, which is connected across the 
arc through rheostat ‘A’ and is energised when the arc becomes too long. When the relay coil becomes 
energised, the vibrator arm is pulled to the lower position which energises coil 2” of the magnetic 
clutch. 

The shaft for cones *X” and “Y” is connected to the motor shaft in such a manner that it is free 
to move laterally when rotating. When coil “2” is energised, cone “ X” engages the disc, causing it to 
rotate and feed the electrode downward by means of the feed rollers. 

When the are becomes short, the relay coil is de-energised and releases the vibrator arm, and 
the spring raises it so that it makes contact in the upper position, thus energising coil “3” on the 
magnetic clutch. When coil “3” is energised it moves the shaft to the left causing cone “Y” to engage 
the disc, and move the electrode upward until the voltage across the are reaches a value for which the 
voltage relay was set. This is usually set at such a value that the voltage across the are will be 
maintained at approximately 20 volts. The contact arm on the relay will continue to vibrate back and 
forth, thus controlling the magnetic clutch on the welding head, and hence the electrode being fed to 
the are. 

For each different size of wire, or change of welding current, it is necessary to adjust the feed of the 
wire into the arc by means of the electrode feed motor rheostat. When either extreme in speed has been 
reached on the feed motor it is necessary to make use of the gears incorporated in the head. 


The cable carrying the welding current is connected to a terminal on the nozzle block. The bare 
electrode collects the current by sliding contact in the nozzle, the nozzles being slightly bent in order to 
provide a good sliding contact with the electrode. In the case of the covered electrode, a very fine milling 
Wheel, motor driven, is incorporated, which strips off a narrow width of the covering. The electrode then 
passes through contact rollers of the same width as the exposed portion of the electrode, the welding 
current being fed through the rollers. 

It should, however, be pointed out that in no case has finality yet been reached in finding the most 
suitable method for feeding the current to a covered electrode in an automatic welding head. In some 
cases the electrodes are of short length and the current supply lead is connected to the extreme end of the 
electrode. ‘This necessitates frequent stoppages in order to renew the electrode, a disadvantage which, it 
is believed, is often overstressed. The length of an electrode which can be used in this way is definitely 
limited to that which will carry the necessary current without overheating. In other cases a small 
portion of the covering is stripped at regular intervals in the length of the electrode and electrical contact 
is made in turn with each of the bared portions as it is fed through the welding head. Hach of these 
methods has its attendant disadvantages and difficulties, and it might here be said that it is highly 
undesirable that any portion (no matter how small) of an electrode covering should be removed at all. 

There is scope here for some ingenious mind to devise a satisfactory method for feeding current to a 
continuous covered electrode without disturbing the covering. In this connexion it is of interest to note 
that Messrs. Murex Welding Processes, Ltd., recently patented a method which consists in wrapping the 
core wire with an interlaced wire braiding. Where the braiding wires cross each other, knobs are formed 
Which, after the flux coating is applied, project through the coating thus forming a direct connection 
between the core wire and the current supply terminal with which the electrode makes sliding contact. 

In the Metropolitan Vickers machine, the whole automatic head, complete with coil of welding wire, 
can be mounted on a travel carriage which is motor driven, and will! traverse the length of the seam to be 
welded. Alternatively the head may be fixed and the work moved automatically beneath it. A device is 
incorporated which provides an oscillating movement to the electrode when required. 

The Siemens Schukert head operates on a similar principle in that a voltage regulating relay is used, 
but instead of controlling a magnetic clutch it controls a reversing switch in the variable speed arc feed 
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motor, so that fluctuations in the are voltage caused by a lengthening or shortening of the arc, control 
through the relay and switch the direction of rotation of the are feed motor and hence the rate of feeding 
of the electrode. Fig. 26 shows diagrammatically the arrangement of this welding head. 

The importance of careful preparation of the parts for automatic welding cannot be over emphasised. 
Joints which are to be automatically welded must be uniform within very slight variation throughout their 
entire length. Overlapping members must fit uniformly against each other. The reason why these 
requirements are more exacting than for hand welding is the fact that if the automatic welding machine 
is adjusted to make a satisfactory weld under a given set of conditions the machine will continue to feed 
welding wire at the predetermined speed and fixed rate of travel. Therefore, if the prepared joint is not 
uniform the resulting metal deposited by the automatic machine will be satisfactory at some points and 
entirely unsatisfactory at others. In the case of hand welding, if the joint preparation is not uniform, 
and if the material does not fit together uniformly, the operator will make up for these irregularities by 
changing his rate of advance, and by changing his manipulation of the electrode so as to deposit metal 
where it is needed and in the quantities required. ‘The automatic machine, however, cannot do these things 
and this limitation must be recognised. 

For the longitudinal and circumferential seams of large cylindrical drums, the advantages arising 
from the use of an automatic welding head are obvious. The delicate control of arc length ensures 
consistency in the quality of the deposit, and when heavy electrodes are used the speed of welding is 
considerably increased. ‘This latter “advantage” is an economic one which, from the technical point of 
view, must be regarded with suspicion, as high speed welding with large size electrodes does not 
necessarily: provide the highest quality of joint. (See Section on Electrodes.) 

The ends of a seam are always liable to be faulty. In the first place it is not until the are is 
struck and welding has commenced that the operator is able to make the finer adjustments to his current 
strength and welding speed. Further, variations in the magnetic conditions, specially at the ends, may 
have an adverse effect on the deposit. Reference will be made to “Are Blow” in the section dealing with 
technique. 

Tue Tecunreve or Meranric Arc WeLbinc.—In this section of the Paper it is proposed to deal 
in turn with Design, Preparation, and Practice. In regard to Design and Preparation the notes apply 
equally to oxy-acetylene and atomic hydrogen welding, but so far as Practice is concerned it is considered 
that sufficient has already been said in the respective sections dealing with those processes, 

Drstqn.—The drawing office has an important responsibility in regard to welding. The design of 
joints, both as regards size and position, is fundamental in obtaining sound welded construction. Fig. 27 
is a typical chart of standard joints representing good practice, and Fig. 27 (a) shows the best type of 
joint for pressure vessels having plate thickness over Lin. A complete schedule of joints is illustrated 
in the British Standards Specification No. 499-1933, * Fusion Welding Symbols and Nomenclature.” A 
chart, such as the one mentioned above, is essential to every drawing office, and the details should be 
rigidly adhered to in the welding shops. 

One of the advantages often claimed for welding is that of its application to structures which would 
otherwise entail a complicated casting. The possibility of obtaining a sound casting of complicated 
design is no less uncertain than that of obtaining a sound * welding,” if the design has not been modified 
to suit the requirements of a different mode of construction. 

There are three important objects to be achieved in the design of a welded structure : strength, 
stiffness, and simplicity. One is tempted to add that the greatest of these is simplicity. 

Consideration of Fig. 28 shows the effect of the welding heat on plates which are thin enough to 
buckle. Under the heat of the are the plate tends to expand in all directions. Free expansion is, 
however, prevented by the colder material remote from the weld, which forces the joint edges towards 
each other. During cooling, the plate edges tend to move back away from the weld, whilst the weld 
metal in shrinking pulls against the plate. The greatest “pull” is in line with the greatest volume of 
weld metal, that is—in a “V” or “tangle” joint—in the final layers of weld metal. If the plates are 
thin, they give way to the pull of the weld metal and buckling takes place as shown ; but in the case of 
thick plates, their stiffness prevents buckling, and a local stress becomes “locked up” in the vicinity 
of the weld, on cooling. 

It is to be admitted that a “buckle” adjacent to a welded seam does not look pretty, and may 
be highly undesirable from several points of view, nevertheless it does not possess nearly so much 
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“original sin” as the perfect looking weld made between heavy plates. Further reference will be made 
to this in the section dealing with Heat ‘Treatment. 

Shrinkage can be allowed for in design, as well as in welding technique. In design, the shape and 
size of all welds (and fillet welds in particular) should be kept as small as strength conditions permit. 
Different electrodes possess different shrinkage coefficients, it is therefore difficult to lay down definite 
rules for the gap which should be left between the edges of a “butt” weld. The following figures 
are, however, considered reasonable :— 

For plates between 1 in. and 14 in. thick, gap should not exceed ,°, in. 
For plates between 4 in. and 1 in. thick, gap should not exceed + in. 
2 5 8 
For plates thinner than 4 in. gap should be between ,!, in. and 2 in. 
2 Sa) 16 8 


A point worth noting is that discontinuous (or intermittent) fillet welding will produce less shrinkage 
effect than a continuous weld. 

Welded joints which cross each other are undesirable and should be avoided. For cylindrical shells 
in which several strakes of plating are employed, the crossing of joints should be obviated by 
“staggering” the longitudinal seams. In the attachment of branch connections, however, it is not 
always possible to avoid joints which cross each other, and it is at the points of intersection of the joints 
that severe “locked up” stresses are likely to occur. 

A factor which often seems to escape the attention of designers is the importance of placing welded 
joints at positions where stress concentrations will not occur in service. The * notch effect ” of a welded 
seam cannot be disregarded, and even if the weld is machined flush on each side of the plate, there exists 
in the material a discontinuity of crystalline structure which should be kept as free as possible from 
undesirable stress concentrations. For this reason thick plates should never be butt welded to thin 
plates, the thick plate should be thinned down so that at the weld both plates are of the same thickness. 
Holes for mountings, etc., should be kept clear of the seams in pressure vessels, 

It may be argued that, in designs in which abrupt changes of section are unavoidable, the refusal to 
allow welded joints to be placed in such positions sayours of a complete lack of faith in welding. It will 
be agreed that it is not a question of faith but of common sense, in that any joint, whether bolted, 
riveted or welded, should be given every chance of remaining a joint, when under service loads. 

An important factor in design is the arrangement of the position of the welds. If joints are 
inaccessible it is unfair to expect a welder to produce a first-class job. As the best workmanship is 
obtained in the easiest position, it should be possible to weld the important seams flat and horizontal 
instead of vertically or overhead. 

In structural work it is, of course, desirable from an economic point of view to make use of standard 
sections. It is obvious to the student of welding that standard sections designed for riveting are not 
always the most suitable for welding. It is thought that the steelworks will soon be required to turn out 
standard sections for welding, and it is up to the designer to press his claims in this direction. 

The Society’s Rules for the application of welding to ship construction, formulated and revised 
from time to time in the light of experience gained, have proved to be of no little value to Naval 
Architects and Shipbuilders. These Rules are sufficiently rigid to ensure the necessary margin of 
safety, yet elastic enough to permit of the progress which must be made in welding technology. 

In these circumstances the writer will be excused if he directs a few remarks which might be 
regarded as of engineering interest only. 

It is true that, at the moment, the Society has no published Rules for the application of fusion 
welding to marine pressure vessels and machinery parts, but in the most recent revision of the 
Rules for Engines and Boilers—and Air Receivers, a very important change has been effected. Hammer 
welding is no longer the only welding process allowed for steam domes, and the clause regarding a 
“covering strap” has been so moditied that consideration can now be given to proposals to omit them 
altogether. Further, electric are and oxy-acetylene welding for the shells of air receivers are no longer 
prohibited. Thus the policy of the Society is indicated in no uncertain fashion. There can be no doubt 
that, in the not distant future, rules for welding will be promulgated. In the meantime there is 
ample justification for the policy of dealing with each case submitted, on its merits, and giving approval 
under conditions both individual and severe. 
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In America there are several codes regulating the welding of both fired and unfired pressure 
vessels. The various codes are mainly based on that of the American Society of Mechanical Engineers, 
and are of an exacting and comprehensive nature. Some of the detail requirements of these codes are, 
to say the least, of arbitrary value, and it is open to question whether the American policy of legislating 
in detail for welding is wiser than the British one of allowing manufacturers to develop their individual 
ideas, and to prove the soundness of their products in each case. We are fully cognisant of the 
regulations both in America and on the Continent, and one cannot help but feel that when the time is 
ripe for the publication of rules in this country, they will be based on sound practical experience, and 
will be of great value to the welding industry. 

In the meantime a very important step has been taken in the publication of the Society’s Tentative 
Requirements for Fusion Welded Pressure Vessels intended for Land Purposes. The terms of this code 
may be criticised on the grounds of their severity, yet having regard to the serious and possibly dreadful 
consequences which may follow an explosion of a vessel containing steam under pressure, a code issued by 
such an authoritative and reputable Society as Lloyd’s Register must be such as to reduce the possibility 
of failure in service to the absolute minimum. 

It will be noted that the constant used in the formula for working pressure given in these 
Requirements corresponds to a longitudinal joint efficiency of 83°5 per cent. when the factor of safety is 
44, the limits of tensile breaking strength for both plate and weld metal being 26 and 32 tons per sq. in. 

Under these Tentative Requirements the type of electrodes to be used is clearly indicated in the 
definition of “ Fusion Welds.” There appears to be no need for a list of Approved Electrodes for 
Pressure Vessels, as the nature of the routine tests laid down are designed to test the quality of 
the deposited weld metal as well as the quality and strength of the joint. 

The attachment of branch connections to pressure vessels is a matter which is largely one of 
common sense, and we do not need to be told that merely standing a piece of pipe over a hole and 
sticking a run of weld metal round it does not constitute an efficient attachment. Yet this is precisely 
what is too often proposed by people who ought to know better. Branches may be subjected to external 
loads in service which may produce severe stresses on the weld, it should therefore be a guiding principle 
that, whenever possible, the security of a branch piece should not be entirely dependent on the weld. 
Such security may be obtained in the case of small branches by screwing the branch into the shell in 
addition to welding, and in the case of large branches by bell-mouthing on the inside. 


It may be laid down as axiomatic that all branches should project through the shell and should be 
welded inside and outside. Branches which do not project through the shell should be flanged and fillet 
welded round the edge of the flange. Fig. 29 shows the recognised efficient methods for securing branches. 


The attachment of flanges to pipes by means of fusion welding is not a new idea, but with the 
remarkable improvement which has been effected in recent years, to the quality of weld metal deposits, 
it is a practice which is growing in popularity. Fig. 44 ‘Vustrates the most suitable methods to be 
adopted, using high class covered electrodes and depositing at least two runs of weld metal in each case. 

Another important problem is the attachment of end plates. Cases have oceurred in which welded 
circumferential joints for both flat and dished end plates have failed whilst the longitudinal seam which, in 
theory, bears twice the stress, has remained intact. These unfortunate occurrences have been traced in 
some cases to bad welding and in others to bad design. 

For small pressure vessels, flat end plates are sometimes preferred, and very often in these cases it is 
not possible to effect an internal weld. For high pressures, the methods shown in Fig. 80 are considered to 
provide a reasonable degree of safety and reliability. 

Dished end plates may be attached either by butt-welding to the shell or by inserting them in the 
shell and fillet welding both outside and inside. In the former case the end plate flange should be reduced 
in thickness at its abutting edge to that of the shell plate, and the outside surface of the flange should be 
in line with the surface of the shell plate. In the latter case care should be taken to see that the outside 
fillet weld is not made on the knuckle of the end plate flange. 

Another method is to insert the dished end plate so that it is convex to the pressure. In this case 
the end should be driven well into the shell so that a full fillet weld can be obtained at the outside 
edge of the flange. From the strength point of view it is little use welding “dished in” ends on the 


inside, but an ingenious method for relieving the fillet weld of a considerable proportion of its load is to 


drill a series of holes, 2 or 3 inches in diameter, round the periphery of the shell plate in way of the end 
plate flange and fill them up with weid metal. This is termed “plug welding.” 

Fig. 45 illustrates the recognised and acceptable methods for attaching dished end plates to 
cylindrical shells. 

Before leaving the subject of pressure vessels there are two practical points which should be 
emphasised. First, it is highly desirable that all joints should be welded from both sides, and second, 
that welding should always consist of more than one layer of deposited weld metal. ‘These points will be 
explained in the sections dealing with Inspection and Heat Treatment. 

Various methods have been adopted in practice to ensure that the major stresses occur in the plate 
material of a pressure vessel and not in the welded seam. Possibly the best, though by no means the 
cheapest, is that advocated by Messrs. Sulzer Bros., viz., the spiral seam, and possibly the worst, in that 
it leads to undesirable stress concentrations, is the use of lacing straps. (GSee section on Fatigue 
Endurance Tests.) In this respect, the writer has seen figures, which he is not entitled to reproduce, 
which are illuminating, and only tend to confirm his view that lacing st raps are a crude attempt to make 
a welded seam stronger than the parent plate. The idea is born of distrust and prejudice, and its 
advocates are strongly advised, for the sake of their own peace of mind, to stick to riveting. 

One of the primary advantages of a welded longitudinal seam in a pressure vessel is the elimination 
of the local stiffness which accompanies the riveted double butt strap joint. This advantage is 
immediately destroyed when the continuity of the section of the shell plate is interrupted by lacing 
straps. Further, if by careful control of welding technique, and rigid testing and inspection methods, 
a sound, homogeneous weld can be obtained capable of withstanding reasonable service stresses, where is 
the reason for “boosting” the static tensile strength of the joint to something considerably greater than 
the plate strength by methods which introduce other undesirable factors ? 

A major problem for a designer is that relating to working stresses. For static loading the question 
is not difficult, so that for pressure vessels, in which in the majority of cases load fluctuations are 
negligible, the allowable working stress depends simply upon the ultimate strength of the plate, modified 
by a constant which takes into account the necessary factor of safety to bring the working stress 
reasonably below the yield point of the material, and the percentage efficiency which one is prepared to 
allow for a welded longitudinal joint. 

For high temperatures (say about 700° F.) the permissible working stress must be further modified 
in order to keep it below what has been found to be, for practical purposes, the limit of creep. (See 
Forsyth and Reed’s Paper, 1932-33, on “The Properties of Metals at Elevated Temperatures,’’) 

The joint efficiency to be allowed for welded joints is not calculable as it is with a riveted joint. 
The designer is therefore dependent upon the results of research into the properties of welded joints, 
and the degree of control which he is able to ensure over the welding of his own particular job. 

The strength of a welded joint made by the electric metallic arc process depends primarily on the 
electrode, which must, of course, be used with the correct current values : secondly, on the welding plant ; 
and thirdly, for both automatic and hand welding, on the personal skill and technique of the operator. 

These are all three controllable factors, the third being controlled by supervision and testing 
procedure. 

Welding has now reached the stage when the fact can be accepted that, given the right electrode, 
the weld metal is equally strong in tension as the parent metal, and further, can be rendered equally 
ductile. The joint efficiency in theory is, therefore, 100 per cent. Practical considerations, however, 
necessitate reducing this figure for the purpose of calculating permissible working stresses. By how 
much should it be reduced ? 

No answer can be made which will be applicable to any and every case. The answer must inevitably 
be bound up with conditions and requirements which are imperative. 

For instance, with a searching and rigid testing and inspecting procedure, one might safely go to 90 
or even 95 per cent., and with an indifferent testing and inspecting procedure 30 or 40 per cent. may 
prove optimistic figures. 

Let it be understood that for anyone to state baldly “we can allow such and such a joint efficiency 
for any fusion weld in tension,” there at once becomes apps: -at a shocking ignorance of the factors 
involved. 
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In giving a figure for joint efficiency we are bound to qualify it by stating the exact conditions 
under which we can allow the figure to be used. As an example, wider the conditions laid down in the 
Society’s Tentative Requirements for Fusion Welded Pressure Vessels, 83°5 per cent. joint efficiency would 


be allowed in conjunction with a factor of safety of 45. 

In the same way, for fluctuating stresses, the weld metal should be regarded as having a percentage 
of the strength of the parent metal, and the allowable stresses should be calculated accordingly. In such 
cases one is justified in being more severe on the weld, as slight cavities or inclusions which might be 
acceptable in a weld in simple tension would, without doubt, form the nucleus of failure in a weld subject 
to the service conditions usually associated with fatigue. 

Here again, it should be emphasised that welds should be placed at positions which will not be 
subjected to stress concentration. ‘Tests have shown that even the slight “shadow line” of an undercut, 
which will be found at the sides of even the best welds, may seriously affect the fatigue endurance limit 
of the joint. 

The fatigue endurance limit of good quality weld metal, perfectly deposited, may be regarded in 
general as equal to half the apparent limit of elasticity of the weld metal. 

This statement is made with a certain reserve, as it will be agreed that there is insufficient evidence 
of the fatigue resisting qualities of weld metal available at present. Investigators are, however, studying 
the problem, and from time to time results of their experiments are published. In this connexion, it is 
interesting to note that in the Society's Tentative Requirements, previously referred to, manufacturers 
who desire to be approved for the welding of Class I pressure vessels are required to carry out fatigue 
endurance tests. 

A series of tests carried out on the Continent produced the following figures which were put forward 
as representative of typical average good quality mild steel welding as used in structural work :— 


Wenp Meran.—Ultimate tensile strength = 25-4 tons per sq. in. 
Apparent elastic limit (yield point) = 18°9 tons per sq. in. 
Ultimate shear strength = 18°2 tons per sq. in. 

Elastic limit in shear = 10 tons per sq. in. 

Endurance limit (alternating) = 9°5 tons per sq. in. 
Endurance limit (not reversed) = 14°38 tons per sq. in. 
Endurance limit in shear = 50% of that in tension. 


If these figures are accepted as typical, it will be seen that it is not a difficult matter to select a factor 
of safety which will prevent service stresses from reaching the fatigue endurance limit of the weld metal. 


In anticipation of the question of corrosion fatigue being raised, the writer wishes to point out that, 
to date, very little is known regarding the resistance of ordinary mild steel weld metal to corrosion, but, 
from the information which is available, there appears to be no reason to believe that good quality weld 
metal differs in this respect from mild steel. 


One of the most interesting applications of electric are welding now being made is the fabrication of 
engine bedplates and entablature. In the case of heavy oil engines, the advantages arising from the 
saving in weight will be readily appreciated. 

Roughly, the scantlings of the ‘arious parts may be reduced by about one third compared with 
castings ; but there is a danger of sacrificing rigidity when adopting welded construction. In some 
designs investigated, this weakness has been revealed, and, of course, rectified, but a designer would be 
well advised to curb his enthusiasm for weight reduction and ensure the rigidity of the structure under 
working conditions. The importance of providing a column section sufficient to resist the guide loads 
and torque reaction will not be questioned, further, the provision of holding down bolts and their 
distribution round the column feet are factors requiring careful consideration, and have a direct bearing 
on the problem of rigidity. 

In bedplates and columns there will usually exist welded seams which are not readily accessible for 
inspection. More than likely these welds were equally inaccessible for welding and will probably be 
faulty. In the section dealing with in->:ction, attention will be drawn to the parts which are considered 
to be the most vulnerable. 
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It remains to be seen how these fabricated engine entablatures stand up in service. Cracked cast- 
iron bedplates may well be a thing of the past, but cracked welded seams and alignment troubles due to 
distortion of the structure may provide no little trouble in the future. In this connection it may be 
said that in some cases the usual box type bedplate is being entirely dispensed with, and the columns 
having the main bearing housings slung between each pair are being bolted direct to the tank top. 

Before concluding this section, it would be well to essay a few remarks regarding fillet welds. 

In structural work this type of weld is in greater use than the butt weld. The reasons for this may 
be summed up as— 

1. Fasier assembly. 
2. Kasier welding (shrinking effects less serious). 
3. Preparation less costly. 

It is unlikely that butt welding will ever be adopted for the shell plates of large ships, except perhaps 
for vessels whose cost is of secondary importance. The lap joint with a double fillet weld, despite its 
inherent disadvantage of providing a couple when under load, is eminently suitable for joining up 
large areas of plate. 

The question of the strength of fillet welds, is one which has received considerable attention from 
research workers, and recently Prof. B. P. Haigh, D.Sc., gave a paper before the Institution of Naval 
Architects, describing his experiments on a variety of assemblies commonly used in structural work. 
Indeed there is no lack of published and authentic information which is of considerable use to structural 
designers. 

The design of lap joints must largely result from experiment, in order to obtain the most suitable 
proportions regarding width of lap, contour and size of weld. 

Mr. C. 8. Lillicrap, of the Admiralty, puts forward figures which suggest an overlap of three times 
the thickness for plates up to } of an inch thick, and four times the thickness for plates greater 
than 4 of an inch thick. 

He also suggests that in forming fillet welds the “shear lez” should be ,!; in. longer than the 
“tension leg.” 

From a large number of published results of tests it would appear that the ultimate tensile strength 
of a front fillet weld obtained under the best conditions lies between 85 and 90 per cent. of that of the 
plate in contact with it, and the ultimate tensile strength of a “ side fillet weld” about 70 per cent. 

In conclusion, it will be appreciated that in order to obtain the best results, both technical and 
economical, from the adoption of welded construction, it is essential that there should be close collaboration 
between the drawing office and the workshop. The designer niust be familiar with the practical 
difficulties which have to be encountered, he must also know a good deal about the technique of welding. 
These may appear to be obvious truisms, yet in how many cases is it the practice for a draughtsman to 
draw the finished outline of a job, merely indicating the scantlings and leaving the welding details to the 
“shops” ? 

The shape and size of each joint should be clearly shown on the drawing, together with particulars of 
the number of runs of weld metal, the name and size of the electrode to be used for each run, and the 
length of weld to be made per electrode of standard length, the appropriate current values, and in 
complicated structures the sequence of welding. 

PREPARATION.—Careful preparation of the work for welding is an essential factor, if sound results 
are to he obtained. ‘The “fitting up” of a job is no less important than the actual welding, yet it is a 
part of the procedure which is very often scamped. 

In “fitting up” it is necessary to allow for possible shrinkage effects and at the same time to study 
the convenience of the welder. The more difficult a job is made for the welder, the more likelihood there 
is of getting bad workmanship. 

It is necessary to assemble the structure in such a manner that the plate edges to be welded are 
maintained in their proper positions, both in regard to the gap between them and the alignment of their 
surfaces. This is usually done by a series of “tack” welds spaced evenly along each joint. These 
“tack” welds have subsequently to be melted down when laying down the first run of weld metal, and 
they sometimes form faulty spots in the finished weld if they are not completely melted under the are. 
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Again, it is necessary to support the structure in order to prevent complete or partial collapse 
during welding. The support must not be such as to unduly restrain the various components, otherwise 
severe shrinkage stresses may be set up, and cracks, sometimes so fine as to elude detection, may occur in 
the weld. 7 

It will be seen, therefore, that “fitting up”’ is largely a matter of experience, entailing a knowledge 
which will enable one to forecast the movements which must take place in the structure during welding. 
One hears so frequently about dependence upon the personal skill of the welder, it is surely apparent that 
the “human element” is not entirely confined to that individual. The writer inclines to the opinion 
that the preparation of a job is more a matter of personal skill than manual metallic are welding. 

“Fitting up” is not so difficult for lap welding as it is for butt welding. In the former case it 
is sufficient to see that overlapping plates are kept in close metallic contact with each other, and that the 
amount of overlap is sufficient and uniform. — It is usual to bolt or clamp the parts together. If bolted 
then the drilled holes must be filled afterwerds by means of fitted bolts, rivets or plug welds. 


In large structures, it should be arranged that as much as possible of the welding is done in 
the shops. In shipbuilding, this means a considerable change in ordinary practice, but even so, it is 
impossible to avoid altogether the welding of important seams “in situ.” Further, the handling 
facilities at the building berth must inevitably limit the size of the completed sections which can 
be lifted into place. 


However, it is always desirable that welding “jobs” should be fitted up in such a manner that as 
much of the welding as possible can be done in the flat horizontal position. 

In regard to the preparation of the plate edges for butt welding, consideration must be given to the 
following points :— 

1. Shape and size of the groove. 
2. Method of cutting. 
3. Cleanliness. 

The shape and size of the groove should be in accordance with the approved design. Gaps for various 
plate thicknesses have already been mentioned, and it is important to see that the designed gap is adhered 
to. If the gap is too large, most of the weld metal will simply drop through, blobs of it will fuse with the 
plate edges here and there, and if subsequent runs are laid down in the hope of remelting the blobs and 
filling up the voids there are going to be some very doubtful localities at the root of the finished weld. 
On the other hand, if the gap is too small, penetration will be sacrificed, and it may be necessary to cut a 
“VY” on the reverse side and fill up with weld metal. 

The best form of butt joint for thick plates, and especially for pressure vessels, is the * U” form shown 
in Fig. 27a. In the adoption of this joint both for longitudinal and circumferential seams the plates are 
sometimes butted together without any gap at all. When the * U ” is completely filled up from the out- 
side, a V” should be chiselled out on the inside. This “inside” cutting should be deep enough to 
remove practically the whole of the original first run of weld metal. With this form of joint it is an 
important point in inspection procedure to see that the “inside V” is cut deep enough before commencing 
to fillit with weld metal. 

A special advantage arising from this method of prepa ‘ation is that the welding can be ‘ straight.” 
That is, there is no need to employ any special welding sequence or technique to avoid shrinkage effects. 
That is not to say, however, that shrinkage stresses are eliminated, although they are probably less in this 
form of butt joint than in any other. The primary runs, which are undoubtedly highly stressed, are apt 
to crack, and this is the chief objection to the butting of plates without a gap. In fact, there are very few 
electrodes available which are good enough to:be used in conjunction with this preparation. 

For thin plates, it is advisable to fit a backing strip along the underside of a butt joint. Not only 
does this assist in maintaining “are direction” but it also acts as a heat conductor to prevent the over- 
heating of the thin plate edges. 

It should be noted that it is in order to avoid the overheating of the plate edges that a parallel portion 
is usually provided at the root of a bevelled “ V ” joint. 

Care should be taken to see that the angle of “ V” is not too large. In fact, the angle should be as 
small as possible, consistent with ease of manipulation of the electrode, and the removal of slag. The 
best welding is that which is done with the minimum expenditure of weld metal, and it should be 


remembered that the greater the mass of deposited metal the greater is the area of thermal disturbance. 
Further, the greater the angle of “V” the greater are the shrinkage stresses likely to be in the upper 
layers of weld metal. 

Opinions differ regarding the most satisfactory method of preparing the joint edges. Whether 
they should be cut by the oxy-acetylene flame, oxy-coal gas flame, or by machine, is a question which has 
recently been the subject of much discussion, and a number of seemingly inconclusive tests. A 
considerable body of opinion favours oxy-coal gas cutting instead of oxy-acetylene. 

The subject is an important one, as there can be no doubt whatever that gas cutting has a decided 
influence on the economic aspect of welding. It would be helpful if contributors to the discussion on 
the Paper would give the matter some attention, and put forward their views and experience. 


It is generally understood that the principle of gas cutting is simply the burning of metal in a jet 
of oxygen, and it appears that the oxygen stream has an additional function to perform, viz., the removal 
of the burnt particles of the metal. 

For this reason the metal oxide which is formed during the burning process must possess certain 
properties which, unfortunately, are not equally obtainable with all metals. For instance, it must have 
low specific gravity so that it may be easily removed by the impingement of the oxygen stream, and 
further, it must possess a lower melting point than the base metal. 

For these reasons copper and aluminium are not suitable for gas cutting. High carbon and 
chromium steels are difficult to cut, but on the other hand manganese steels, which are usually difficult 
to machine, are easily cut with a torch. 

The combustible gas used in conjunction with oxygen may be acetylene, coal gas, or hydrogen. 
Hydrogen has the effect of decarburising the cut edges, whilst acetylene has the opposite effect. 

In all cases it is generally agreed that a film of oxide remains on the cut edges, and, whilst it is 
thought desirable that this should be removed by chipping, some reputable authorities maintain that the 
oxide film is actually advantageous to the fusion of electrically deposited weld metal with the parent 
metal, the theory being that the oxide has a stabilising effect on the electric arc. 

The heat effect of the flame has been investigated, and it has been established that the plate edges 
are left in an overheated condition. This overheated zone can be removed by chipping, as the 
investigators state that it does not extend for more than +025 in. into the plate. It may be argued, 
however, that this overheated zone is subsequently to be melted down during welding and, therefore, there 
is no valid reason for removing it. Adjacent to the overheated zone there is usually a normalised 
zone before coming to the unaffected plate at a depth of probably not more than 4; in. from the 
cut edge. The writer says “usually” because there can be little certainty in the matter. The final size 
of granular structure depends as much upon the rate and conditions of cooling as it does upon the 
maximum temperature involved, and these must always be variable factors when associated with 
gas cutting. 

From the information available, it appears highly desirable that for important joints the plate 
edges should be machine cut (not sheared), but where gas cutting is admissible it does not matter a great 
deal whether the flame is obtained from a mixture of oxygen and acetylene, or oxygen and coal gas. 


In all cases of gas cutting, examination of the cut edges will reveal the defects which are likely 
to affect the weld. ‘The surface should be clean and smooth and should always be wire brushed 
before welding. 

In concluding this brief section on Preparation, a word might be said in regard to cleanliness. It 
is important to see that the plate edges are free from grease, oil and dirt, and whilst rust—for the same 
reason put forward regarding the oxide formed from gas cutting—is not generally regarded as harmful, 
it is thought desirable to remove it before commencing to weld. 

Repair work naturally requires such preparation as will facilitate welding and reduce shrinkage 
effects and deformation to a minimum. In this connexion, rivets adjacent to a seam which is to be 
welded should be removed. Where, however, welding is intended to be complementary to riveting, the 
welding should be done first and the rivets driven afterwards. In composite structures it is difficult to 
apportion the loads which are to be taken by the rivets and the welds. For this reason composite 
structures should be avoided for new work. 
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Where welding is used for strengthening a riveted joint, full strength welds should be adopted, and 
no allowance whatever should be made for the rivet strength. 

Tux Practice oF Merannic Arc Wenprne.—lIt has been stated before that this Paper is not 
intended to be a Welders’ Manual. The following remarks may, however, add to the interest of the 
Paper, and are supplementary to those already offered in the section dealing with are welding. 

The technique of metallic are manual welding is simple, and is very rapidly acquired by workmen of 
average intelligence. As in all things experience begets confidence, but there is no mysterious skill 
vequired in handling electric are welding apparatus. 

There are three essential motions which the operator executes when depositing weld metal :— 

1. The continuous downward feeding of the electrode. 

2. The translation of the electrode in a pre-determined direction. 

3. The lateral oscillation of the electrode from side to side when it is necessary to spread the 
molten deposit. 

An experienced operator knows by the “feel” of the are when the current strength is too high or too 
low. A “fine adjustment” rheostat is usually fitted to a welding machine, sometimes at the end of a 
wandering lead, so that the welder can make his “fine” adjustments without leaving the “Job.” 

A loud “hissing” and explosive spluttering are both indicative of incorrect current values, although 
the latter may also be due to chemical causes in connection with the electrode covering. In any case, 
spluttering is a direct cause of bad welding, and when it is observed the resulting weld should be regarded 
with suspicion. 

The welder must watch closely through his coloured screen the fusing of his deposit with the parent 
plate. He can see the formation of a pool of molten metal which builds up in the form of a bead as the 
electrode melts into it. Slag can be seen floating to the surface, or being trapped in the rapidly 
solidifying bead, in which case the are must be so manipulated to prevent solidification and allow the 
slag to come out. At the same time, if the arc is held for too long a period at one spot there is the 
danger of burning a hole or severely undercutting the parent metal. 

If the molten pool is seen to be “boiling” then the weld is certain to contain serious gas pockets and 
trapped slag. 

From these remarks it will be seen that the control of “ speed-of-welding ” is important. Speed and 
penetration are practically synonymous terms. If the speed is too slow, penetration is excessive to the 
point of burning holes, if too fast, penetration is sacrificed and the weld metal merely “ blobbed” on. 

There are several recognised methods of “ weaving” a welded joint. Common forms are shown in 
Fig. 31. When oscillating, a slight pause should be made at each side of the weld to ensure penetration. 
The pause should be no more than a hesitation, otherwise the very common fault of undercutting will 
result. For heavy fillet welds and “V” butt welds, a st aight single run should first be made along the 
root of the weld before “weaving” other runs. In general, it may be said that elaborate forms of 
weaving should be avoided. 

The electrode should be held either vertical to the are crater, or ab a slight angle depending on the 
direction of motion. In shop language it is correct. to “ pull” the weld, but not to * push” it. It is 
important that the correct polarity be used, and reference has already been made to this question in a 
previous section. 

The voltage should be uniform and reasonably low. If a welder cannot deposit a full length of rod 
without breaking the are, or without considerable fluctuation of voltage, the fault is to be found in one 
or other of the following :— 

(1) The Welding Set. (2) The Electrode. (3) The Welder. 

“Are Blow” is a practical difficulty with which a welder has to contend. The phenomenon may be 
defined as the disturbance of the arc due to the magnetic lines of force set up in the neighbourhood 
of the ‘‘work piece” by the discharge of current. 

The effect is that’ the are is deflected in a certain direction, and the operator has to manipulate his 
electrode so as to obtain the welding heat at the correct spot. Sometimes the deflection is erratic, 
and the are appears to be “blown” in all directions, as though in a gale of wind. This is attributed to 
the magnetic effect of eddy currents set up in the work. 

Whatever the causes of ‘tare blow”—and there is no lack of plausible theories—the welder is 
called upon to adopt measures for counteracting the trouble. 
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It has been found that the are is invariably blown in a direction away from the generator connection 
to the work piece. (Sve Fig. 32.) It will, therefore, be obvious that the welder should weld in the same 
direction as the “are blow.” The direction of “are blow” may however change suddenly. The change 
may be due to the fact that there is more than one generator connection on the job, or it may be due to 
changes in shape, thickness or thermal conditions in the plates. The welder must, in consequence, stop 
welding, and, starting again further along the seam, proceed to weld towards his previous deposit, 
ie., in the direction of the changed “are blow.” When the direction of “are blow” becomes too erratic, 
an alteration of the position of the generator connection will usually effect a cure. 


It is important to see that both plates which are being welded are directly connected to the 
generator main lead, these connections are usually made by means of a clamp. 


The sequence of welding can be so arranged as to reduce shrinkage effects to a minimum. For 
instance, in a long seam it is good practice to start in the middle and work towards the ends. 
The welder should employ short “step back” runs (Fig. 33) and should weld first at one part of the 
structure then at another, following a prescribed procedure in order to balance, so far as possible, 
the shrinkage forces. When more than one welder is operating at the same time, they must work at 
positions which will tend to have a balancing effect. Haphazard welding is a sure means of obtaining 
distortion of the structure. 


In concluding these remarks it may be stating the obvious to point out the necessity for careful 
remoyal of the slag covering from each layer of weld metal, this should be done with a chipping tool 
followed up by a wire brush. It may truthfully be said that the quality of a welder’s equipment can give 
a ready indication of the quality of his workmanship, and one should not hesitate to express dissatisfaction 
if it is observed that a sight screen or helmet is broken, or is in such condition that the welder has to 
devote attention to it, which would otherwise be directed on his work. In the same way, his welding pliers 
and slag removing tools should be in a state of efficiency which will best enable him to produce good work. 


INSPECTION AND TESTING :—How far can one assess the quality of a welded joint by visual 
examination ? 

It is recognised that many of the Society’s Surveyors must have had considerable experience in the 
inspection of welds, and it is believed that they will be in complete agreement with the following remarks, 
which, after all, are mainly “common sense.” It would, however, add to the value of this paper if they 
were to contribute to the discussion and share the fruits of their experience with those who, perhaps, are 
still a little in the dark as to what constitutes a good weld. 

Observation of the actual welding operation is an invaluable guide in the inspection of welds. 
Having seen the causes it is not difficult to find the faults. The chief causes of unsound welds may be 
summarised as follows :— 

1. Incorrect current values. 
2. Unstable are. 
3. Incorrect polarity when using direct current. 
4. Poor quality electrodes. 
5. Inefficient or overrated welding plant. 
6. Improper welding technique. 
7. Insufficient cleaning of each run of weld steel. 

A variety of faults arise from any one or combination of these causes, and the points to be looked 

for are :— 


1. Poor fusion between the weld and parent metal. 

2. Embrittlement and cracks. 

3. Slag, dirt, and gas inclusions. 

4. Porosity. 

5. Excessive undercutting at the sides of a welded seam. 
6. Irregular and “blobby” appearance. 


In addition to watching for these faults it is essential to see that the preparation of the joint for 
welding is such as to reduce shrinkage stresses to a minimum, and that the finished weld conforms, as 
regards size and shape, with the approved design. The preparation for the welding of the longitudinal 
seam in cylindrical shells should be such that the diameter in way of the unwelded seam is greater than 
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required for the finished shell. In other words the “prepared” shell should be slightly oval, the major 
axis being in line with the longitudinal seam. The appearance of all welds should be regular, but 
different electrodes give different degrees of smoothness. Bare wire, for instance, gives a rough but 
regular finish. 


A finished weld should be examined before it is “dressed” in any way or painted. The extent of the 
splashes along each side of the seam indicates the conditions under which the weld has been made. 


Irregular lumps in the surface of the weld, whether in the final or intermediate runs should be 
chipped and examined for trapped slag, which may appear as a dull discolouration on an otherwise bright 
surface. Removal of lumps might also disclose slight evidence of porosity, and on further “digging” a 
large cavity or blowhole may be revealed. 


It is of great importance that each run of weld metal should be thoroughly cleaned. This 
operation takes longer than the actual welding. Before the succeeding layer is deposited, the cleaned 
weld should be closely examined by a competent supervisor. It is, of course, impracticable for a 
Surveyor to see each run of weld metai. It would be ideal were he able to do so, and give his approval 
before welding was continued. The best that can be done, perhaps, is to impress on the works officials 
the fact that as much importance is attached to the cleaning operation as is attached to the welding. 
This remark is made in the knowledge that there is a tendency to scamp the cleaning and get on with 
the job. It should be pointed out, in the case of pressure vessels, that the amount of cutting that has to 
be done as a result of X-ray examination will indicate the efficiency with which the welding and the 
cleaning has been carried out. A Surveyor would be justified in voicing his dissatisfaction if it was 
found that extensive cutting had to be carried out on finished welds. 


A magnifying glass should always be used when inspecting welds, as shrinkage cracks are sometimes 
difficult to see. If a crack is suspected a thin “chipping” may reveal it. Special attention should be 
civen to the primary runs deposited in the joints of thick plates. Cracks should be chipped right out. 
It is a dangerous practice to assume that subsequent runs of weld metal are going to fuse completely 
into the cracks. A very slight undercut at each side of a weld is indicative of good penetration. The 
undereut should be no more than a shadow line. A deep undercut means that an excessive current has 
been used or that the welder has paused too long at the sides of the weld (Fig. 34). Lack of penetration 
may be suspected in places where the deposited metal appears to roll over the parent metal (Fig. 35). 
In such cases the weld metal should be chipped away and carefully examined. Porosity may be revealed 
under a magnifying glass ; here again the surface of the weld metal must be cut away in order that the 
metal underneath may be examined. Grinding of the weld metal is not advisable, as the operation tends 
rather to hide porosity than to reveal it. 


Those responsible for the inspection of welds should take every opportunity to watch the actual 
deposition of weld metal through a coloured screen. Not only can the technique of the operator be 
observed, but the trapping of slag and the formation of gas pockets can be seen. The are should be kept 
as short as possible. Noisy and splashy welding indicates incorrect current values, poor quality electrodes, 
or faulty workmanship. 


The inspection of complicated structures such as engine bedplates and entablatures, is not an easy 
undertaking. It requires a painstaking attention to detail, but inspection of new work may be facilitated 
by doing as much as possible before the various parts are assembled in place. However, there comes a 
time when the welded engine must be inspected as a completed structure, either after a period of service, 
or after the test bed trial. By giving a little thought to the loading of the structure, one is able to decide 
which welds are the more important and the more vulnerable. 


Fig. 36 is an outline of the section of a welded engine, and the locality of the vulnerable welds is 
indicated by shading. In so far as it is possible to generalise on this subject, it may be said that the most 
highly stressed welds are those at the base of the columns and those in way of the guide brackets. At 
the same time, any deflection of the crank shaft, puts a twist on the columns, and this must be resisted by 
the column stiffeners. 


Attention should be paid to awkward corners and places where the manipulation of an electrode 
might be difficult. Huge * blobs” of weld metal are no guarantee of sound welding. 


To summarise, it is believed that for the majority of articles and structures fabricated by means of 
metallic are welding there is no necessity for expensive and complicated methods of inspection provided :— 
1. The welded work is carefully and accurately designed. 
2. The parts are properly prepared for welding. 
3. The deposition of the weld metal is carried out under skilled and trustworthy supervision. 
1. Correct welding technique is employed. 
5, Efficient welding sets with an adequate power output are used. 
6. High-class electrodes are used, which provide an effective shield to the are and deposited 
metal. 
7. Current values are suitable for the size and nature of the electrode used. 
8. So far as practicable, the completed welds are carefully examined with the aid of 
diac ana glass. 
).” Important structures are, where possible, subjected to a stress relieving heat treatment. 
10. In the case of important pressure vessels the seams are X- rayed. 
1. In the case of all pressure vessels, a suitable hydraulic test is carried out, during which the 
metal adjacent to the weld is well hammered. 
12. Where possible, test plates are incorporated in the weld. 


These twelve points should ensure safe and reliable welding. X-ray photography is undoubtedly 
justifiable in the case of pressure vessels such as boiler drums, but, otherwise, there appears to be no 
necessity to employ X-ray, gamma ray, magnetic, magnetographie or electro-stethoscopic methods of 
examination, all of which add consider rably, and, indeed, disproportionately, to production costs. 


It is believed that the application of fusion welding to pressure vessels will become more and more 
general as time goes on. For important work, such as boiler drums, it is evident that for some time to 
come the Surveyor will have to spend more time on the job than his duties would normally allow. 
It is, however, considered essential that the minimum amount of inspection should cover the 
following stages :— 

i» The preparation of the shell. That is to say, the shell plates tacked into position. 
. The first and second run of weld metal when complete. Both longitudinal and 
cire i a seams. 
3. The finished welds before being dressed or machined. 
The calibration for circularity. 
The final hydraulic and hammer test. 


In addition there is, of course, the stamping and testing of test pieces and the examination of X-ray 
phctngrephs (if any) which should be done “on the spot,” so that variations in the density of the film 
can be compared with the surface finish of the seam. 


Reference has already been made to the welders’ equipment and tools. It should be added that for any 
pressure vessel, the Surveyor should be satisfied that only skilled welders are employed on the work 
in question, and that close supervision of the welding work is in the hands of competent employees 
having experience in this class of work. 

The welding plant should have the appearance of being carefully handled and looked after. A 
simple test which may be made as a guide to the condition of a welding set, is to have it operated first 
with a large electrode and high current, and then with a small gauge electrode using a low current. 
In both cases the operator should deposit the full length of electrode without breaking the are, 
and without any violent spluttering, or fluctuation of the ammeter and voltmeter. 


It should again be emphasised that the welder should be able to do his work in a position which is 
reasonably comfortable. In this connexion. it may be advisable to adopt some means for extracting 
fumes when internal welds are being made. 


In some quarters the certification of welders has been advocated, but this is not considered desirable. 
Welding is a skilled trade, but nothing more, and provided the correct welding conditions exist, good 
quality electrodes and efficient welding machines are used, the average welder can carry out good 
work. It should not be the welder’s responsibility to see that his job is properly prepared for welding, 
or to devise his own sequence of operation. Neither should he be expected to choose his own elec trodes 


and operating current. These important matters should be dealt. with by responsible officials having a 
full knowledge of the factors involved. 


Many firms have their own systematic methods for checking workmanship, but in cases where such 
organisation is non-existent it is recommended that a Surveyor should request occasional checks on 
individual welders in his presence. The welder should weld together two plates “on the spot,” merely 
transferring his attention from the work in hand to the test plates. ‘There should be no alteration in 
type of electrode, or current, the thickness of the test plates being the same as that of the work on which 
he is engaged at the moment. The test plates should then be broken in the weld and examined. A 
sound weld will show a fine grain structure, free from slag inclusions, gas pockets, and coarse 
crystallinity. There should be no well-defined lines indicating the various runs of weld metal. These 
should only be revealed, if at all, in a polished and etched specimen. 


In concluding this section on Inspection, a brief description of various special non-destructive 
methods sometimes employed in the examination of the welds will be given. The question as to whether 
any of the methods described—with the exception of X-rays—are necessary in the routine survey of 
welded structures is, however, left open. 


1. X-ray Puorocrarnic Mrrnop :—The X-ray causes a chemical reaction in the solution applied 
to the photographic film. The amount of this reaction depends upon the intensity and nature of the 
X-ray reaching the film and upon the time of exposure. For a single exposure the variable factor is the 
intensity of the ray arriving at the film. The intensity of rays incident to the metal surface may be 
assumed to be the same for each unit area. The variable factor causing a difference in the appearance of 
the film is then the relative transparency of the metal to the passage of the X-ray. 


'The passage of the rays through a metal of varying density or thickness causes a variation in the 
shade of the image formed on the film. 


Fig. 88 is a simple diagram illustrating X-ray radiography. The current must be ‘direct ” as it is 
not possible to pass alternating current through an X-ray tube. In addition to the tube, X-ray apparatus 
usually consists of a step-up” transformer and a rectifier for changing alternating current into “ direct ” 
current. 

The necessary voltage is in the neighbourhood of 200,000 and the amperage about 4 milliamps. It 
is, therefore, imperative that the tube and its connections should be shock proof. 


There are several types of X-ray tubes available, the most common is known as the hot cathode type. 
A low tension sub-circuit is fitted in the tube and a fine tungsten wire filament is raised to incandescence 
and consequently emits electrons which pass to a tungsten anode. The velocity of the electronic stream 
is increased tremendously by the application of the high voltage to the main terminals of the tube, and it 
is in the rapid deceleration of the electronic stream on impact with the anode, that X-rays are generated. 

The intensity of the X-rays generated is controlled by the quantity of electrons emitted by the hot 
cathode. This, in turn, is controlled by the temperature of the cathode, which can be regulated within 
fine limits at the low tension current supply. 


The ‘degree of contrast shown on the X-ray film depends on the exposure time, which in turn 
depends upon voltage. The exposure time varies for different types of apparatus and for different makes 
of photographic film and intensifying screens. Radiologists usually refer to some standard scale of 
shadow densities, and in engineering radiography the Hunter and Driffield scale is generally used.* 


It can generally be accepted that X-rays will penetrate up to 3% ins. of steel, and can be relied upon 
to reveal any discontinuity or cavity having a quantitative thickness of more than 1 per cent. or 
2 per cent. of the thickness of the metal under examination. 


It is with the interpretation of X-ray photographs that a Surveyor is more directly concerned, and 
it is important that the significance of the shadows should be appreciated, having full regard for the 
decided limitations of this method of non-destructive examination. 


An X-ray photograph of a homogeneous material would be a uniformly darkened plate. A cavity 
would show up on the film as a darker spot, and the density of the spot or shadow will give an 
approximate indication of the dimensions of the cavity. It will of course be understood that on a 
“positive” the meanings of the light and shade will be opposite to those on the * negative.” 


*For further study of this subject see “ Engineering Radiography,” by V. E. Pullin, ¢.B.8. 


Tt is obvious that a shadow may be the result of several cavities in line. The shape extent and 
position of a single cavity can only be revealed by taking X-ray photographs from a number of 
different angles. 

A very fine crack would not be revealed unless its depth was in line with the X-rays. If a crack 
was inclined at an angle with the path of the rays it could only be revealed if its width was more than 
1 per cent. of the thickness of the material. 

When examining an X-ray photograph of a weld, therefore, these facts must be borne in mind, and 
whilst it is impossible from one photograph to obtain a mental picture of the full extent and shape of a 
flaw, the density of the shadow at least affords some idea of the quantitative depth of the inclusions or 
cavities which constitute the flaw. 

As an example of an important fault which may not be revealed there springs to mind that of 
lack of penetration between the weld metal and parent plate in a “V” butt weld. This lack of 
penetration may be in the form of a complete partition which, however, is no more than a very thin 
oxide film, Tt would, consequently, only be revealed by directing the path of the rays at the same angle 
as the side of the *V.” Again, in a lap weld, lack of penetration in the edge or leg of the weld which is 
at right angles to the path of the rays, would only show if the width of the partition was in the order of 
1 per cent. of the thickness of the plate. 

In this connexion it should be noted that one of the advantages of the “U” type of butt joint, with 
sides almost parallel, as shown in Fig. 27a, is that lack of fusion with the parent plate will be revealed 
by X-rays projected normal to the plate surface. 

Any interpretation of an X-ray photograph must be made with the knowledge that X-ray photo- 
graphy is limited to the detection of cracks, cavities, and inclusions which involve sharp variations in 
homogeneity, that the density of the shadows indicates the quantitative depth of the defects, and that the 
shape of a shadow does not necessarily represent the actual shape of a defect. 

It is impossible to make authoritative deductions from an X-ray photograph without complete data 
regarding type of apparatus, voltage, exposure time, type of film, etc.; but with the aid of a standard 
photograph or negative showing relative densities, it is possible to make a reasonable interpretation of the 
shadows. 

A practical method of obtaining a standard negative is to X-ray a specimen plate of known thickness, 
having a number of holes drilled in it, to various known depths. Thus it is possible, within reason, to 
assess the extent of a cavity by comparing the shadow density obtained with the standard negative. 

A method for determining whether the X-ray apparatus is sensitive to a 2 per cent. variation in 
plate thickness, is to photograph a specimen having superimposed upon it, a plate the thickness of which 
is equal to 2 per cent. of that of the specimen. If this thin plate has a hole drilled in it, the hole should 
be revealed as a shadow on the film. 

At this stage of development the chief value of X-ray examination lies in the fact that it does reveal 
those portions of the welded seam which are the most dubious, and which call for a trepanning operation. 

When consideration is given to all the factors involved in radiographic technique, it will be agreed 
that a good deal of caution is required in judging X-ray photographs. It is the writer’s experience 
that one usually errs on the side of severity. There is a need for a standard set of photographs which 
may be used for the purpose of comparison. Typical X-ray photographs are shown in Fig. 37 and 
Figs. 46 to 51, It may be mentioned that the delicate changes in shadow density are difficult to reproduce 
in print. 

The application of X-ray photography to ordinary butt welds, and lap welds, is fairly simple and 
straightforward, but for complicated sections and castings the services of an experienced radiologist 
should be obtained. So far as a Surveyor is concerned, it is sufficient that he should ensure that there is 
a ready and permanent means for identifying the portion of the weld represented by a particular 
photograph. This is best done by stamping numbers at equal distances along the seam under X-ray 
examination. In order to reproduce these numbers on the X-ray film, lead figures must be stuck on 
top of them. Lead offers a very high resistance to the passage of X-rays. The examination of a 
photograph should be associated with the examination of the surface of the weld, as it will be appreciated 
that surface defects and variation in thickness affect the resultant photograph. 


It will generally be found that the negative cives a clearer definition of defects than the positive 
photograph, for this, and other reasons, it is desirable to see the negatives rather than the reproduced 
photograph. 

2, GamMA-RAY PHorocrapHic Mrruop:—lIt has been found that a number of elements possess 
radioactive properties. ‘Towards the end of the nineteenth century, Becquerel discovered that uranium 
was radioactive, and, in later researches, Professor and Madame Curie, whilst experimenting with uranium, 
discovered radium. 

The most important of the radioactive elements are -—uranium, radium, polonium, actinium, 
thorium and mesothorium. 


Radium, although it exists in all parts of the earth, is never found in its natural state. It isa 
disintegration product of uraniun, the proportion of radium to uranium being in the order of 1 to 
3,000,000 
wack ’ . 


The theory of the disintegration of radioactive elements was eventually propounded by Rutherford 
and Soddy in 1902. These scientists established that radium disintegrates logarithmically with time, 
so that it is impossible to state the life of the element. The radiation from radium may be regarded as 
constant, though actually it disintegrates at a rate which would reduce its intensity of radiation by about 
50 per cent in 1600 years. 

The disintegration of radium gives rise to three types of radiation, known as alpha, beta and gamma 
rays. It is the gamma radiation which is used in engineering radiography. The gamma rays are similar 
to X-rays, except that they differ in wave length. Their shorter wave length gives them higher 
penetrating power, and they can be used for the examination of sections up to 10 and 12 inches thickness. 

Radium can be used either in the form of a capsule of radium salt, or in the form of a radium 
solution (radium emanation). The latter form is generally used in therapeutic work, but in engineering 
practice it has been found more convenient to use the capsule. 

The technique of gamma-ray photography is simpler than for X-rays. It is, of course, equally 
necessary to protect the operator from the rays, but otherwise the procedure is simply to place the capsule 
in front of the article to be examined, and a photographie film, effectively screened, behind. As a 
capsule of radium emanates rays in all directions, it may be surrounded with objects, all of which may 
be photographed simultaneously. 


This method of examination is open to exactly the same points of criticism as were given for the 
X-ray method. There is an added disadvantage in that the shadow contrasts obtained on the film are 
not nearly so distinct with gamma-rays as with X-rays. 

3. Macnetic Mernops.—These methods are based on the principle that faults in welds increase the 
magnetic reluctance of the material. The testing equipment consists of some means of producing a 
magnetic flux through the plate perpendicular to the welded seam, and some means of detecting the 
regions of abnormally high reluctance. 

The means of detection may be broadly classified as :— 

(a) Magnetographs (Iron-powder method) ; 
(v) Instruments measuring magnetic potential drop or flux leakage. 

In method (q) iron filings or powder are sprinkled on to a weld through which a magnetic flux is 
passing. A dense accumulation of the iron filings will form directly over a line of poor fusion, For best 
results, the weld should first be ground flush and painted white to make the filings easily visible. If the 
flux density is low, the magnetographic picture may be intensified by lightly tapping the piece under test. 

Permanent records can be made by placing sensitised paper over the weld and sprinkling the iron 
filings on the paper. Special paper can be obtained which is sufficiently insensitive to ordinary daylight, 
but prints out readily when exposed to the light of a therapeutic are. 

This method of testing does not reveal anything but very serious faults, such as complete lack of 
fusion. 


Method (b) makes use of ‘weld test meters,” which are instruments for measuring the magnetic 
jotential drop, or flux leakage between two points. The ratio of the reading across a weld to the readings 
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on the parent metal on either side of the weld is a measure of the quality of the weld, since a bad weld 
will show a higher ratio than a good one of the same type and materials. 

It will be noted that these magnetic methods can onl be applied to “butt” welds. 

The limitations of these methods are well defined. Only major faults at or near the surface can be 
detected, although, of course, the exact nature of the fault cannot be revealed. In the case of weld test 
meters unless the parent metal possesses constant magnetic properties it is difficult to say what reliance 
can be placed on the ratios obtained. 

4. Srernoscovic Examination.—Briefly this method consists of tapping a weld with a light 
hammer, and listening to the note of the vibrations with the aid of an ordinary stethoscope as used in 
the medical profession. The same principle is involved as in the many cases in which metal parts are 
struck in order to find out whether they ‘ring true.’ 

The stethoscope is applied at a part near to the point struck by the hammer. It is important to 
listen for the first sounds upon striking. 

The sounds will be similar upon striking points on the weld which are free from defects, and as the 
portion of a weld containing a discontinuity is approached, a high pitched reedy sound will be noticeable. 
This sound is the first one heard after striking the blow, and as the sound waves are reflected, a defect in 
the weld will tend to cause rapid damping of the sound. The first sounds, in which the forced 
vibrations are more pronounced, are followed by others produced by the natural vibrations of the 
structure as a whole, and those due to the condition of the material. 

Mr. J. R. Dawson, an American Metallurgical Engineer, who strongly advocates this form of 
examination in a paper read before the American Society for Testing Materials, states :-- 

“Tnitial sounds are more important for judging the thoroughness of the fusion in a weld 
than the amount of damping which can be noticed in the ‘after’ ring.” 

Stethoscopic examination cannot be called a ready means of locating faults. It cannot be 
questioned that the sounds produced by inne are affected by the presence of serious faults, but the 
exact position and extent of the faults may remain undiscovered. 

GENERAL REMARKS :—It appears that in spite of these various non-destructive methods of inspecting 
welds, the only safe and reliable way is to adopt the procedure already discussed, that is, to see that the 
work is properly prepared for welding, the sequence of welding operations is satisfactory, the correct 
welding technique is employed with current values suitable for the size and nature of an approved 
elec trode, and finally that the welded joints conform to an approved standard. 

Puysicat. Tests :—With the evolution of welding, there has been a growing demand for direct; 
testing methods which can be relied upon to reveal the true strength properties of a welded joint. It may 
be that this demand has not yet been fully satisfied, but it is believed that present day testing methods, 
satisfying, as they do, commercial as well as scientific considerations, comprise a sufficiently reasonable 
guarantee of safety. 

The three most important strength properties which call for verification by test are :— 

Tensile strength. 
Ductility. 
Toughness, or resistance to shock. 

Associated with these might be added :— 

Fatigue endurance. 
Hardness. 
Density. 

There are other properties, such as resistance to corrosion, ageing and caustic embrittlement, which 
are outside the scope of ordinary routine testing. 

TENSILE StRENGTH :—In testing the tensile strength, we are usually concerned with two inter- 
dependent factors :— : 

(a) Strength of the weld metal. 
(0) Strength of the joint. ; 

At its best, weld metal is cast metal. It is true that it is cast under conditions which may he so 
controlled as to produce a refined grain structure, the homogeneity of which could be but little improved 
by any possible forging. Obviously the best way to test whether the “ casting” conditions have been 
properly controlled is to test a specimen of weld metal actually deposited in a sample joint. 


We are all familiar with the “all weld” specimen required for testing the qualities of an electrode. 
As a means of comparing one electrode with another, and even as a method for approving electrodes, the 
preparation of such specimens by cutting them from a large block of deposited weld metal has much to 
recommend it, but in no sense can such a specimen be regarded as truly representative of the weld metal 
actually deposited in a joint. 


In ship construction, testing methods must always be strictly limited. Experience and research 
has established that satisfactory joints can be made by electrodes which, when deposited en bloc, possess 
certain physical properties, but it would be wrong to presume that these same properties are necessarily 
obtained in the actual joint. Hence, for ship work and constructional work in general, it is essential to 
have an approved list of electrodes which have been tested in accordance with what is considered to be a 
satisfactory standard. 

For pressure vessels, and what might be called engineering articles, we are able to be much more 
precise in our testing methods and, consequently, the need for an approved list of electrodes does 
not arise. 


The first test specimen to be called for is then the all-weld metal tensile test piece cut from a sample 
joint. This specimen should be of the standard round section, and should be pulled in the testing 
machine. The yield point, ultimate tensile strength, elongation, and the reduction in area should be 
recorded. 


It is important that this specimen should consist wholly of weld metal. It will be apparent that if 
any of the adjacent parent metal is embodied in the test piece the test will not be representative. The 
cutting out of this specimen is not easy, and the sample joint should be etched at each end to facilitate 
the location of the weld metal. 


The tensile strength of the joint can be tested by preparing a specimen across the joint. This 
applies both for lap and butt joints. In the former case it is purely a test for determining the ultimate 
tensile strength of the joint, but in the case of the butt joint a measure of the ductility can be obtained 
from the reduction in area at the fracture. 


There are two well-known forms of butt joint test pieces, viz., the reduced section test piece which 
forces failure into the weld, and the parallel section test piece which permits an equal stress to be 
imposed on the plate material and on the weld metal. The advantage of the former lies in the fact that, 
as fracture is bound to occur in the weld, an opportunity is provided for observing the structure of the 
weld metal after the break. At the same time, it might be argued that the reduced section test piece 
permits a concentration of stress in the weld, and the normal tensile strength value of the joint will 
therefore not be obtained. 


Having specified a tensile specimen of “all weld” metal, it appears unnecessary to select a tensile 
specimen for the joint, which will, by virtue of its shape, fracture in the weld. The portion of the 
specimen should be parallel for a sufficient distance to include the parent metal at each side of the joint. 
Then it really doesn’t matter very much whether the specimen breaks in the weld or in the plate, so long 
as the required U.T.S. is proved. 

The writer is of opinion that this test should be regarded as a test for strength only, and that 
figures obtained for elongation are misleading unless it is possible to state what proportion of the 
elongation takes place in the weld metal and the plate respectively. For a practical and commercial test 
such considerations are inadmissible, and the record of test results for this specimen should, therefore, be 
confined to the ultimate tensile strength at fracture. 


It may be interesting to note that it is the practice in some works to drill one or two small but 
measurable holes through the weld in this tension specimen. By measuring the bore of the holes before 
and after pulling the test piece, an indication of the ductility of the weld metal is obtained. As a 
“shop” test this method is, of course, cheaper than preparing an “‘all weld” tensile specimen cut from a 
joint ; but it could not be considered a suitable routine acceptance test for, say, the joint of a pressure 
vessel. 

No useful purpose could be served by giving typical tensile test results in this paper. It is now an 
accepted fact that electrodes can be obtained which will produce results comparable with those obtained 
for the parent plate, whether high, medium or low tensile material. 
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Tue Bend Test.—There has been considerable discussion in the technical press, and at the 
meetings of various societies and institutions, regarding the practical utility and the significance of 
the bend test. 

So far as welding practice is concerned there are three forms of bend specimens to be considered 
(see Fig. 39) and which may be designated “A,” “B” and “0.” 

“A” is a reduced section specimen, and has the advantage that bending can be confined to the weld 
metal, so that after bending, the arms are straight. In this case the angie of bend is easily measured, 
and, provided it can be assumed that bending is truly circular, the final length of the outer fibres of the 

. & ae 
weld metal is 573 when @ is in degrees. 

Test piece “B” is a full section specimen which involves bending in both parent metal and 
weld metal. 

Test piece *C” is of a unique character. It is an original form of test piece evolved by the Society 
and adopted in the Tentative Requirements for Fusion Welded Pressure Vessels. It will be noted that 
the specimen ensures that a considerable proportion of weld metal is involved in the bend. Further, the 
specimen is cut from the upper portion of the joint where the normalising effect of multi-run welding is 
likely to be a minimum, or even absent altogether. 

In considering these three forms of test pieces it is well to bear in mind that in bending a specimen 
cut across a welded joint, two distinct tests are being made :— 

(a) Ductility as evidenced by elongation and deformity due to crushing. 
(6) Cohesion at fusion zone. 

(4) can adequately be tested in an ordinary tensile test piece taken across the joint. (@) however, 
reveals the real function of a bend test, which is to demonstrate ductility. 

It is true that other inspecting authorities call for either a specified elongation in the outer fibres of 
a bend specimen or for a certain angle of bend. These authorities regard the bend test as an accurate 
measure of ductility and only differ in their adoption of one or other of the above measurements as a 
criterion. It is of interest to note that an attempt has recently been made to effect a compromise between 
the two by establishing a mathematical relationship which will give the percentage elongation of the outer 
fibres by the simple application of a factor to the angle of bend. 

Ductility is a variable metallurgical condition which has hitherto been evaluated by measuring 
elongation and reduction in area on ordinary tensile specimens. To adopt a contemporary standard 
when dealing with welding is confusing and misleading, especially when that standard takes the form of 
the very arbitrary measurements of elongation or bending angle of a bend test piece. 

The limitation of the bend test as an accurate and scientific test must, it seems, be recognised, and 
there appears to be every reason to believe that the real value of any form of bend test is not in the 
measurement of ductility, but in the visual demonstration of that property by the deformation due to 
tension in the outer fibres and crushing in the inner fibres. 

Consideration of these remarks will lead to the conclusion that a bend specimen might well be made 
entirely of weld metal. In the circumstances specimen “©” (see Fig. 39), is the most suitable for the 
testing of butt-welded joints. 

Impact Trsts.—There are many who question the value of including impact tests in any 
specification or schedule of test requirements for welded joints. It is argued that a small cavity or 
inclusion, which might be negligible, so far as the strength of the whole joint is concerned, would 
seriously effect the numerical result obtained for a small impact specimen. 

It is agreed that it would be of more practical value were it possible to test a large impact specimen 
fully representative of a section of the actual joint. On the other hand, for the purpose of comparison 
with accepted standards the customary 10 mm. square section Izod specimen is required, and the 
question might be asked whether it is not a poor sample of welding which cannot provide 100 sq. mm. 
free from defects. 

The writer has carried out a number of experimental impact tests which will be mentioned later. 
The conclusion arrived at was that impact tests on specimens cut from a sample joint did serve a useful 
purpose, especially from the point of view of consideration of the effect of heat treatment. 
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For routine testing at least two specimens should be cut from each test plate. The specimens 
should be cut from as near the upper surface of the weld as possible. One should have the notch cut in 
the centre of the weld, and the other in the fusion zone, which can readily be found by etching with a 
primary etching solution such as nitric acid and methylated spirits. 

Fariavs Enpurance Tests.—Such tests are out of the question as far as routine testing is 
concerned, except perhaps for inspecting organisations like the Admiralty, who possess their own 
laboratories. Consideration of available data indicates that weld metal can be obtained possessing a 
fatigue endurance limit similar to that for mild steel. This largely depends upon the quality of the 
electrode and the welding technique. 

It is reasonable to assume that the fatigue endurance limit bears an approximate relation to the static 
tensile test values, and it has been found that in general the fatigue limit for good quality weld metal and 
mild steel is about + (0°47 x U.T.S.). 

There has been considerable research on the subject of fatigue, corrosion and ageing of weld metal 
during the last year or so, but analyses of the results so far obtained are outside the scope of this paper. 
It is however of interest to remark that a most valuable form of fatigue test has been carried out 
by certain firms of international repute. These tests took the form of bursting full size pressure vessels 
by subjecting them to a pulsating internal pressure. The results of these tests indicate in no uncertain 
manner that rupture ultimately takes place, not in the weld nor in the metal immediately adjacent 
to the weld, but rather in areas of stress concentration such as in the way of tube holes, mounting 
holes and pad pieces. (See remarks on lacing straps.) 

It is, of course, questionable whether any boiler drum would fail from fatigue in service, except 
in so far as intercrystalline corrosion may lower the fatigue endurance limit of the material. 

HarpNess TEsts.—The writer has been told on several occasions that no more can be learned from 
a hardness test than can be more accurately revealed by other physical tests and micro-analysis. This 
may possibly be true: nevertheless, hardness tests, properly interpreted, provide more than a little 
food for thought. 

Fusion welding has a decarburising effect on the adjacent parent metal. An attempt is made to 
balance this effect by introducing carbon, and other alloying elements into the electrode or its covering. 
The degree of success obtained can be gauged by comparison of the hardness figures obtained in the weld, 
fusion zone, and parent metal remote from the weld. Again, owing to the comparatively rapid cooling 
which takes place in arc welding, there is likely to be found a hardened region in the parent metal close to 
the fusion zone. The notch effect of this harder region is the explanation of the fact that in tensile tests, 
fracture often occurs in the parent metal immediatley outside the fusion zone. 

It might, therefore, be suggested that the results obtained from hardness tests provide a fairly 
reliable indication as to the necessity for heat treatment in any particular case. 

One of the primary causes of brittleness in weld metal is the presence of nitrogen. Shielded are 
electrodes are designed to prevent the introduction of nitrogen by atmospheric contamination, but it is 
safe to say that this undersirable constituent is never entirely eliminated, except perhaps in the case of 
atomic hydrogen welding. 

The condition in which nitrogen is present in a weld may be indicated by the hardness number, and 
depends largely on the rate at which the weld metal has been cooled. With the rapid rate of cooling which 
takes place in are welding, nitrogen takes the form of very minute needles which can hardly be 
distinguished at 200 magnifications. The more rapid the rate of cooling the smaller are the needles and 
the more brittle is the weld, until in the limit, that is, in the case of a quenched weld, the nitrogen goes 
into solid solution and the needles disappear altogether. 

It should be noted that if a weld is heated to a temperature in excess of 600° C. and cooled down 
slowly, any nitrogen which may be present will separate out in the form of coarse needles of nitride of 
iron, which are easily recognisable at 400 magnifications. (See Fig. 52.) 

A weld made with a “bare” electrode always contains an appreciable amount of oxygen, and 
comparative Brinell hardness numbers recently obtained from such a weld were as follows :— 


As welded... ee ee: 7: 140 
Heat treated as above athe? Be 120 
Quenched... Pre aaa HA 260 


The comparative simplicity of the Hardness Test has prompted various investigators to find 
approximate relationships between hardness numbers and tensile values. 
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The Brinell Test is probably the most well- mney n and the following table is taken from O’Neill’s 
“The Hardness of Metals and its Measurement” 


TABLE 5. 


: ipa | Constant | Brinell Test 
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U.T.S. 
Brinell 
it is Interesting to note that the fatigue endurance limit may be regarded as approximately one-tenth of 
the standard Brinell number. 


The following formula is given for the purpose of converting Vicker’s Diamond hardness numbers to 
Standard Brinell numbers. 


It may be said that for boiler quality steel plate the factor may be taken as 0°22. Further, 


: 
a E + s| when “V” does not exceed 200. 
” 

Density Test.—This may be regarded as a test for homogeneity, and a check on the similarity of 
nature between the weld metal and the parent plate. The specific gravity of mild steel plate is 
approximately 7°8, and this is the figure usually laid down for weld metal. 

In regard to porosity, one of the main contributory factors is the rapid solidification of deposited 
weld metal. This is specially noticeable when welding with bare wire or lightly coated electrodes, or 
special ‘overhead welding” electrodes. The free access of oxygen to the are stream converts some of the 
iron into ferrous oxide, which reacts with the carbon to form carbon monoxide gas. This gas is 
frequently trapped in the weld metal, the surface of which, of course, solidifies first. 

It is a fact, well known to metallurgists and steel makers, that there is an increased tendency of the 
occluded gases in a cast steel ingot to become liberated as cooling proceeds, and the same is true of weld 
metal. With covered electrodes, therefore, it is possible to incorporate in the covering a sufficient 
quantity of killing agents to prevent the liberation of gases after solidification has commenced. The 
agents usually employed are silicon, manganese, and aluminium. It is of course important to avoid an 
excess of any one of these constituents, otherwise the weld metal will be too effectively killed, and will 
probably crack during cooling. 

Tue Trestrye or Spscran Types or Jomrs used IN Srrucruran Work.—The common 
method is to prepare small scale, or when practicable, full size samples of typical joints and load them to 
destruction, The loading should be of a similar nature to that which will be imposed in service. 
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Hear Trearmenr.—It is generally conceded that some form of heat treatment is necessary for 

important welded joints. The subject may be considered under two heads :— 

1. Normalising at a temperature above the upper critical AC. 

2. Low temperature annealing at a temperature below the lower critical AQ). 
The former treatment refines the grain structure of the metal and generally improves the phystcal 
properties, whilst the latter, unless unduly prolonged, may be regarded as a stress-relieving treatment only. 

The heat treatment of large welded structures, such as, for example, a ship, is out of the queston. 
It seems, therefore, that in structural work we must rely upon a careful choice of electrodes, efficient 
supervision of the welding work, and the use of efficient welding machines. 

The writer has found that there is considerable variance in the views held by experienced engineers 
on the subject of heat treatment. It may be that in practice the results of heat treatment do not 
always conform to the accepted theory of allotropie transformations at temperatures which are known as 
the “criticals.” At any rate it is known that very slight modifications to the form of heat treatment 
given to a forging or casting produce pronounced differences in the resultant physical properties. 

In this connexion it is noted that the subject will be dealt with by Mr. C. 8. Porter in a paper 
which he is to give to this Association before the close of the present session. 

In the meantime, it might be helpful in regard to the study of welding, to state briefly what 
the writer believes to be common knowledge on the subject of heat treatment. 

The physical properties of steel at normal atmospheric temperature (and that is to include weld 
metal) depend upon :— 

1. The chemical composition. 
2. The mechanical and/or heat treatment to which the material has been subjected. 
The physical properties of a metal cannot be predicted from a knowledge of the chemical composition 
alone. It is necessary to know what modifications have taken place in the micro-structure of the 
material due to heat treatment. 

It appears that the important factors in heat treatment, are :— 

1. The maximum temperature. 

2. The time during which the material is held at the maximum temperature. 

3. The time taken to cool down to normal atmospheric temperature. 

4, The conditions under which cooling takes place. 
From a metallurgical point of view, the time taken to reach the maximum temperature should be 
as short as practicable. 

It can be accepted that grain size bears a definite relationship to tensile strength, and, broadly 
speaking, the smaller the grain the higher the elastic limit and tenacity. On the other hand ductility 
appears to be less dependent on grain size, but considerably affected by the amount of carbon which 
exists in the material. The transformation of this carbon into carbide cement (cementite) appears 
to be an essential factor in promoting ductility. 

Here then, lies the function of a normalising heat treatment, viz.; to bring about a refinement 
of grain structure and to promote ductility. 

The “phase” theory of solidification of iron and steel is based on the established fact that a carbon- 
iron alloy may exist in various states of stable, and semi-stable, equilibrium, depending upon temperature and 
rate of cooling. Some of these “states” can be made to exist at normal atmospheric temperature, among 
these are :—austenite, graphite, martensite, troostite, cementite and ferrite. There are a number of 
combinations of. these “states” or “phase.” which, provided there is a certain ratio between them, may 
also exist in stable equilibrium at atmospheric temperature. Notable among these is “pearlite,” which is 
a combination of ferrite and cementite. Pearlite is an eutectic alloy formed on the solidification of steel 
having a carbon content of approximately 0°9 per cent., and is found in varying proportions in all 
mild steel which is slowly cooled through the ‘criticals.” 

Reference to an iron-carbon equilibrium diagram will show how the upper critical temperature varies 
with the carbon content. For pure iron it is about 900° C., dropping to about 700° C., for 0-9 per cent. carbon, 
and rising again with increase of carbon above 0-9 per cent. It will be seen therefore, that the selection 
of a maximum temperature for a normalising heat treatment depends primarily upon the carbon content. 

Having ascertained the required temperature, it is important that the material should not be heated 
at more than a few degrees above it, nor should the maximum temperature be held for any longer period 
than is necessary for the uniform heating of the material throughout its mass, ot herwise a coarse granular 
structure will be obtained, instead of the desired fine grain. 
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In regard to the “phase” transformations which take place during the solidification and cooling of 
steel, each transformation takes a certain period of time to complete. Consequently it is possible by 
sufficiently rapid cooling from temperatures corresponding to the particular phase which it is desired to 
preserve, to suppress the intermediate transformations. In practice, however, it is seldom possible to cool 
rapidly enough to suppress the changes altogether, and preserve the austenite phase. Usually, a “quenched ” 
mild steel shows a martensite structure which is hard and brittle, and may be regarded as a transitional 
phase between the solid solution of austenite (which exists at. temperatures between the upper critical and 
the melting point) and the ferrite-cementite phase, which comprises the “normal” structure at 
atmospheric temperature. 

It appears, therefore, that the best results from a normalising heat treatment will be obtained if the rate 
of cooling is sufficiently retarded to allow the phase transformations to take place, and in particular, to allow 
the complete precipitation of cementite crystals from the carbon which is in solid solution. The final result 
should be an intimate mixture of ferrite and pearlite evenly distributed throughout a fine granular structure. 

Consideration of the foregoing remarks will help towards an understanding of the fact that weld 
metal deposited in a single run is coarsely crystalline. It is deposited at a temperature considerably 
above its melting point, the temperature under the arc usually being in the neighbourhood of 3,000° C., 
and solidifies fairly rapidly. It is, to a considerable extent, ““quenched” by the much larger mass of 
parent metal with which it is expected to fuse. A fine grain can only be restored by re-heating to 
slightly above the upper critical temperature and slow cooling in a still atmosphere. 

This also applies to the parent metal which is immediately adjacent to the weld metal, and which is, 
in consequence, in an overheated condition. 

It can be stated with confidence that until an electrode is evolved, which provides complete 
protection to the are stream and deposited metal, the weld metal and the adjacent parent metal is bound 
to be in an overheated condition. (See Section on Electrodes.) 

With multi-run welding, that is to say, when one layer of weld metal is deposited on top of another, 
and so on, a self-normalising treatment is effected, and the need for further heat treatment is largely 
eliminated. In this respect it is important that the amount of reinforcement (i.e., the “built up” 
portion of the weld) should be sufficient to cause a refinement of the grain for the full depth of the weld. 
The final layers of weld metal are not refined. The photo-micrograph shown in Fig. 40 illustrates the 
increase in grain size towards the upper surface of a weld. (See also Macro-Etching, Fig. 43.) 

Fig. 41 is a photo-micrograph of the fusion zone in a good weld. Note the normalised structure due 
to multi-run welding, and compare with Fig. 40. The positions from which these photographs were taken 
is shown in Fig. 42. 

The second form of heat treatment which has been mentioned has been aptly termed a “stress 
relieving” treatment. 

Sufficient has been said in previous sections of this paper to indicate that serious shrinkage stresses 
may be locked up in a welded seam. Attempts have been made to evaluate these stresses, but the results 
so far obtained are not sufficiently uniform to be reliable. With improper welding technique the stress 
may well exceed the yield point, and shrinkage cracks in a welded seam are not uncommon even in 
these days of enlightenment. In fact shrinkage cracks are invariably to be found in the primary runs 
when welding thick plates. 

How far these stresses are relieved by heating to a temperature somewhat below the lower critical— 
i.e., to a temperature between 550° 0. and 650° C.—the writer is not prepared to say. There is no 
evidence of crystal growth at these low temperatures except in the case of pure iron; but it seems 
reasonable to suppose that some readjustment of crystal formation occurs, which to some extent reduces 
the tension at the crystal boundaries. It may be that “creep” takes place until the stress is reduced to 
the creep limit for that particular temperature. Research work in this connexion is at present being 
carried out in this country, and the results will be awaited with interest. 

The writer was privileged to carry out some special tests which were suggested by Dr. Dorey, and 
which were intended to throw some light on the effect of various heat treatments on the physical 
properties of weld deposits and the parent plate. One of the conclusions which these test results 
suggested was as follows, and may be of interest :— r 

“In parts subjected to appreciable variation of stress or high static stresses, and in boiler 
shells and fittings where high stress in conjunction with water conditions may result in caustic 
embrittlement, it is important to relieve high local stresses produced by welding, and this can 
usually be done by a thermal treatment at 500° to 600° G., followed by slow cooling.” 
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The tests carried out showed that weld metal deposited in multi-runs was in a refined condition, but 
not at its best from the point of view of ductility. Normalising at a temperature above the upper 
critical had the effect of slightly increasing erain size at the expense of the tensile strength; but 
the ductility was definitely improved. 

The subject of heat treatment must be left at this point. It is acknowledged that the foregoing 
remarks may warrant considerable criticism from the strict metallurgist, perhaps more for what 
has been left unsaid than for what has been said. 

A final word, from the practical point of view. An important factor which must be taken into 
account when contemplating high temperature heat treatment of complicated and restrained welded 
structures, is the serious distortion which might arise from the movement which oceurs when cooling 
through the points of recalescence. Seve ‘al important firms have found it wise to eschew the normalising 
of complicated structures for this very reason. ; 

It is the practice of some reputable firms to carry oub a stress relieving heat treatment on 
heavy butt welds, at a stage when the joints are only half or three-quarters full of deposited weld metal. 
This intermediate heat treatment cannot be other than beneficial and will certainly tend to reduce 
the shrinkage stresses which are usually more severe in the final layers of weld metal. 

Evecrropes :—In order to understand the need for various types of electrodes, consideration should 
be given to the following variable factors involved in making welds. 

1. The material to be welded. 

2. The quality of weld. 

3. Welding speed. 

4. The type of joint. 

5. The position of the part to be welded. 
6. Hand or Automatic Welding. 

1. Marerran :—The material to be welded is usually a ferrous or non-ferrous alloy. In the former 
class can be considered cast iron, rolled steel, cast steel, chrome steel, chrome nickel steel, manganese steel, 
and many others, while in the latter class there are bronze, brass, duralumin, etc. There are, of course, 
other metals which, in their practically pure state, can he welded, for example, aluminium, lead, zine, 
monel metal, etc. 

The different actions of these elements and combinations of these elements, under the influence of the 
electric are necessitates the production of electrodes having different characteristics. If the metal being 
welded has a different coefficient of expansion than that of the filler or deposited metal, undue strains and 
cracking of the weld may occur. It is essential that the electrode should have suitable characteristics to 
meet this need. Oxidation of some of the elements, when subjected to the heat of the are, occurs readily 
in the atmosphere. The electrode must provide protection against oxidation. 

2, Tue Quarry oF THE WELD.—The quality of the weld depends chiefly upon the following 
factors :— 

(a) The electrode base r vd. 
(b) The flux coating. 
(c) The arcing characteristics. 

It is important that the base rod should be as free from impurities as is commercially practicable. 
Impurities cause porous and unsound welds. 

In the case of lightly coated electrodes, one of the main purposes of the coating is to improve 
arcing and flowing characteristics, also to increase or decrease the melting rate. Asa rule, if the melting 
rate is increased penetration is sacrificed for welding speed, conversely the opposite is true if the 
melting rate is decreased. 

The flux on heavily coated electrodes has a four-fold purpose :— 

1. To protect the molten metal as it passes through the are stream by producing a suitable 
atmosphere around the are. 

2, To protect the weld metal after the deposition by the formation of a protective slag. 

3. To produce are conditions which aid in maintaining and stabilising the are. 

4. To make possible a high melting rate resulting in increased welding speeds. 

It is an indisputable fact that welds produced with heavily coated electrodes have physical 
characteristics far superior to welds produced with bare or lightly coated electrodes. 

The arcing characteristics of the electrodes vary widely. Any piece of wire may not necessarily 
have proper arcing characteristics, even though it be pure. The are may be unstable, explosive, or 


cause spluttering of the weld metal. These conditions permit. oxidation and wastage of the metal, 
producing unsound welds. The arcing characteristics of an electrode can be controlled, however, by the 
addition of fluxing elements to the outside or to the core of the electrode, 

Various metals react differently to a specific flux, and any one metal may react differently to various 
fluxes. Therefore, in order to obtain the proper electrode to give the highest quality weld, it is necessary 
to have specially prepared electrodes for specific conditions. 

3. WELDING SpeED.—Speed and quality of welding are interdependent. For a given electrode and 
flux there is a correct welding speed depending upon the melting rate, current, and voltage range. The 
speed for one electrode base metal may be changed by different. fluxes. 

4. Type or Join’.—Butt, lap, tee, corner and edge joints are most commonly encountered in 
practice. Fillet welds are made on lap, tee, and corner joints. Edge welds are made at the edges of 
plates placed together side by side. 

The preparation of the joint is most important, and has a direct bearing on the quality of weld 
produced. For example, best quality welds can be made on heavy butt joints by cutting the plate edges 
to“ U” formation. See paragraphs on Metallic Arc Welding and Inspection. 

5. Tue Posrrion or THE Part ro BE Wenpep.—The higher the fluidity characteristic of an 
electrode the faster the are must progress to keep the metal from flowing in front of the are. Should a 
large pool of molten metal exist, the molten metal will flow in front of the are, if the are is held in one 
spot too long. This forward flowing prevents fusion and results in a poor weld. Proper progression of 
the electrode leaves the molten metal behind the are crater, and the rate of progression affects directly 
the length of the molten pool behind the are. 

Briefly, the different positions in which a weld may have to be made are flat horizontal, vertical, and 
overhead. A fillet weld which is made between two surfaces, one of which is vertical and the other 
horizontal, is another position which requires study. In flat horizontal work, the length of the*pool is 
not a serious factor, provided the molten metal is protected during cooling. In such work the metal 
does not tend to flow out of the seam in which it has been placed. In a vertical weld, the metal would 
flow down on the finished work, if it did not solidify almost immediately, consequently the molten pool 
cannot extend any considerable distance behind the are. Similarly, in overhead work the metal 
must “freeze” quickly. 

It has heen said that the “weldability” of an electrode in difficult positions is a direct. function 
of its melting rate. This is contradicted by the fact that certain proprietory brands of electrodes 
are known to have similar melting rates, yet they are not all suitable in certain positions. It seems, 
therefore, that this characteristic in an electrode is a function of the are length and the slag coating 
produced on the weld. A short are confines the heat to a small localised point and thus obyiates a large 
molten pool of metal. The slag covering which solidifies rapidly aids in reducing the size of the 
molten pool. 

6. Hanp on Auromatic Wenpina.—In automatic welding, the elimination of the human element 
in holding the proper are length, makes possible faster welding speeds and greater uniformity of results. 
It is therefore desirable to have a fast melting automatic welding electrode rather than a slower melting 
electrode suitable for hand welding. 

Table 6 is one compiled by an important and reputable firm of electrode manufacturers, and whilst 
it relates to their own electrodes, it serves to indicate the different characteristics of electrodes and their 
suitability for particular applications. The applications indicated in the second and third columns 
are as follows :— 

I For welding structural steel, low carbon steel castings and mild steel plates, as used in the 
fabrication of storage tanks, ete. 
II For welding mild steel light gauge materials. Essentially for high speed automatic welding. 
11 For building up worn surfaces on parts not subject to severe abrasion, and where dense 
sound weld metal is desired. 
IV For surfacing high carbon parts to resist abrasion. 
V_ For welding cast iron. 
VI For welding manganese castings and forgings. 
VII For welding light gauge galvanised steel. 

VIIL For welding pressure vessels, boiler drums, piping, tanks, ete, Essentially for strong ductile 

and dense welds highly resistant to corrosion. 
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Number 1 indicates primary application for which electrode was developed. Number 2 indicates secondary application. 


Tensile test specimens were of the A.S.M.E. reduced section type. 
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Hardness of weld after cold working. 
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[t is desired to emphasise that sound metallic are welding is dependent upon the provision of a 
suitable electrode. In view of the fact that innumerable electrodes are now being manufactured 
throughout the world, and that extravagant claims are made for many of them, great care should be 
taken in the acceptance of any particular type for important and stressed structures. The acceptance 
test specimens should be prepared under a Surveyor’s observation, so that current values and technique 
employed may be checked and reported. 

Thereafter approved electrodes should only be used under conditions similar to those prevailing 
in the preparation of the test pieces ; and it would be for the Surveyor to see that the approved technique 
and current values are being complied with. It is only by paying strict. attention to such details that 
faulty welds can be avoided. 

Sufficient has been said to show that the covering of an electrode is a vital factor in the making of a 
sound weld. Considerable research is being carried out in this connexion, and most manufacturers have 
their own patent and proprietary coverings. However, it might be said that in general an electrode 
covering consists of a winding of silicate cotton impregnated with a slag forming compound such as is 
used in steel making. In some cases brown paper is incorporated in the covering. The brown paper 
produces carbon monoxide gas which absorbs oxygen from the atmosphere surrounding the are. 

The latest and possibly the most scientific line of development in the electrode industry is the 
metallurgically coated electrode. In this, such ingredients as manganese, carbon, chromium, nickel, 
molybdenum etc., are included in the coating, in predetermined proportions, thus an infinite variety of 
steel analyses in the weld metal are made possible. At the same time it should be pointed out that there 
is an authoritative school of thought which maintains that such ingredients should properly be contained 
in the core wire, and not in the covering. 

Despite all the patent electrode coverings which have been developed, the writer is of opinion that 
very few really provide a complete gas shield to the are stream. The fact that traces of nitrides and 
oxides can usually be found in the best weld metal confirms this view. 

The chief objection to the use of large size electrodes for the welding of thick plates is the imperfect 
protection given to the are during the deposition of weld metal. The greater the mass of weld metal 
passing through the arc, the greater the possibility of atmospheric contamination and the burning of the 
parent plate. — It is obvious, however, that the future development of are welding in the manufacture of 
large size pressure vessels having plate thicknesses over 1 in., must depend on the use of electrodes of 4 in. 
and 7 in. diameter: only in this way can the number of runs be reduced to an economic figure. The 
high temperature required for the satisfactory deposition of electrodes of this size will necessitate special 
and automatic welding machines of high amperage. 

The uncovered electrode, or bare wire, as it iscommonly called, has a very useful sphere of application 
and need not be altogether despised. For parts in which ductility and toughness are not important. it 
provides an ideal and economic weld. Indeed, the fact that there is no scale to be removed gives a 
greater possibility of obtaining good fusion, specially with multiple runs, than with a covered electrode. 

Examination of test results show that for covered electrodes the Izod values are considerably 
higher than for bare wire. The tensile strength, however, is not always superior, and although a good 
bare wire weld may be deficient in ductility and toughness it might show a greater tensile strength than 
a weld made with a covered electrode. 

The following actual test results are typical for a high-class covered electrode suitable for important 
structures and pressure vessels. 

CHEMICAL ANALYSIS OF Base Rop :— 


Carbon ye Bor: cit) eee 0°13 per cent. to 0°18 per cent. 
Manganese ... ae sos < 0-40 per cent. to 0°60 per cent. 
Sulphur (Max.) ... a =: 0-04 per cent. 
Phosphorous (Max.) me Sap 0:03 per cent. 


Covering :—Cotton Twine, spiral wound, impregnated with a flux of the following composition, 
by weight. 


Magnetic Iron Ore (Gjers Mills Powder) me aint 43 per cent. 
Silica (S. O,)  ... ae eae Ror es i 33 per cent. 
Ferro Manganese Pe £6 aris sa sa LO per cent. 
Aluminium Oxide (ATi,0.) eae See Bd sie 4 per cent. 


Titanium Oxide (T, 0.) ae $c ol ate 10 per cent. 
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There are many different flux compositions, and the above is given only as a typical and suitable 
example. Average deposition efficiency about 75 per cent.. 

The deposition efficiency of an clectrode is the relation between the weight of useful weld metal 
deposited and the weight of the electrode exclusive of waste ends. 

For example, if 100 Ibs. of electrode (including covering) are used, of which 15 lbs. are discarded as 

; : Th aie ; 66 y 

waste ends and 66 lbs. of weld metal is properly deposited, then the deposition efficiency 1s iv0-15" which 
equals 77°7 per cent. The difference between 85 lbs. and 66 lbs. is lost in splashes, gas, and slag. 

Trenston Test SPECIMENS :— 


Ultimate Tensile Strength ah Boe ne ... 32 to 35 tons per sq. in. 

Yield Point ee Se a8 Age MAA eae 20 to 2b A 
Aut Wrip Mera SPECIMENS :— 

Ultimate Tensile Strength ee ou, Fi SS 2"hG Sb 1; # 

Yield Point aes 8 ae ie dé MOR hG: aa ns x 
DUCTILITY :-— 

Free Bend Test Specimen ie ae nie ... 35 to 50 per cent. 


All Weld Metal Test Pieces. Elongation on 2 in. ..- 25 to 385° 5; 

N.B.—The free bend percentage elongation is measured on the outside fibres of a bend test piece. 
The direction of bend being such as to place the top of the weld in tension. 

Sprcrric GRAVITY of deposited weld metal 7°8 to 7857. Note.—Specific gravity of boiler steel 
plate is between 7°8 and 7°85. 

Iupact VALUES.—30 to 35 ft. Ibs. Izod. 

The impact values for boiler plate by the same method average 20 ft. lbs. The values obtained with 
bare electrodes seldom exceed 10 to 12 ft. Tbs. 


TABLE 7. 
AVERAGE CURRENTS AND Arc VOLTAGES TO OBTAIN BEST RESULTS. 


| 
DIAM. OF ELECTRODE. AMPS, Arc VOLTS. 
inches. 
ay 150-180 30-35 
T's 180-225 
} 250-800 
Vs 800-400 
2 400-500 


These figures are for manual welding. For automatic welding the current will be from 25 to 50 
amps. higher. 

Whilst all the above figures and test results were obtained for a particular high class covered 
electrode, they serve to indicate the properties which should obtain in practice. 


CONCLUSION. 


It had been hoped to include sections dealing with the welding of cast iron and special alloy steels, 
but to do so would be to extend this Paper to unwieldy proportions. As it is, the Paper is long enough, 
despite the fact that much of the subject matter has only been briefly treated. However, perhaps the 
writer may be allowed at some future date to revise and extend the Paper, and bring it up to date. In 
this connexion, the whole science of welding is in a stage of rapid development both in details of 
technique and spheres of application. 

At the same time, the subject forms but one aspect of a Surveyor’s manifold duties. It is 
becoming increasingly difficult to keep abreast of scientific progress, and for this reason alone the 
transactions of this Association should comprise a valuable reference library. 

In presenting this Paper with all its shortcomings, the writer hopes that his contribution, supple- 
mented by the comments of his colleagues, will prove a useful addition to the transactions. 
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X-Ray showing Large Cavities and Slag Inclusions—Not Acceptable. 
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Welding of Dished Ends for Pressure Vessels 
Fig. 45. 


X-Ray of Ideal Weld. (Reinforcement removed.) 
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X-Ray showing Line of Poor Penetration—Not Acceptable. 
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X-Ray showing Scattered Porosity.—Acceptable. 
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X-Ray at Junction of Longitudinal and Circumferential Seams. 
Note Crack indicated by Arrow. 
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X-Ray of Porous but acceptable Weld. (Reinforcement not removed.) 
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Nitrogen in Weld Metal. 
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DISCUSSION ON Mr. PEMBERTON’S PAPER 


ON 


WE TA DIINSs.. 


E. W. Biocksrmer (President). 

Some of our recent lectures have been of general interest to the Staff as a whole, and a departure 
from the usual syllabus of previous years was made in order to direct our attention to the Centenary 
Year of the Society. The lecture by Mr. R. J. Sladden was greatly appreciated by the members, and the 
crowded attendance wes evidence of their interest. 

The demand for the Transactions is hecoming greater every year and there is a record number of 
applications this year for copies—particularly from the ports abroad. 

The paper we are to discuss to-night will enhance and increase the value of the Transactions 
considerably, and it gives me great pleasure to introduce Mr. Pemberton, because, for one reason among 
others, this is his first contribution in the form of a Paper. Mr. Pemberton is already an authority on 
the subject of welding, and we are indebted to him for spending so much time in the preparation of this 
important paper and giving us the benefit of his experieuce. 

There is a clear field for discussion and, as the subject appeals to both engineer and ship surveyors, 
1 will not encroach on the time available and I have, therefore, great pleasure in requesting 
Mr. Pemberton to introduce the subject. 


In presenting the paper, which was taken as read, Mr. Pemberton, made the following remarks :— 

No doubt you will be pleased to know that I have no intention of reading this paper. At the same 
time it must be obvious to those who have made the special effort required to read it themselves, that it 
might well have been much longer. 


I make no apology for the brevity with which much of the subject matter has been treated, it would 
be quite impossibie to deal exhaustively with all the matters pertaining to welding in one paper. 

It will be observed that the paper is divided into a number of sections, each dealing with a particular 
aspect of welding technology. Welding processes have been classified in a way which is quite well known 
in the welding industry, that is to say under three headings, namely, Forge, Pressure, and Fusion. 
By far the largest part of the paper is devoted to Fusion Welding. ‘This is accounted for by the fact that 
the development of fusion welding processes is of first importance to-day. 

In the section on Are Welding, an attempt has been made to state the principles underlying the 
design of welding machines, it is in simple language because, | can assure you, | am quite incapable of 
making use of the more abstruse technical phraseology, with which more enlightened gentlemen than 
myself are familiar. The question of welding sets is one in which we have taken considerable interest, 
and I am not at all sure In my own mind, that it is wise to legislate for the electrodes and ignore 
the apparatus with which they are to be used. 


In ship construction, as in all structural welding, there must be a definite limitation in testing 
procedure as applied to finished welds. It is impracticable to trepan test pieces from all the important 
welds in order to make a large number of physical tests, chemical analyses, etc. Further, the present 
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position in regard to industrial radiography is such that the application of X-rays to any more than a 
small and insignificant proportion of the important seams in a welded structure such as a ship, would he 
far too expensive to warrant serious consideration. 


The safeguards must therefore be found in the careful selection of electrodes, adequate supervision 
during construction, and the frequent check tests which should be called for by the surveyor. 
: { , J 


The whole question of ensuring satisfactory welding in ship construction is a difficult one, and no 
printed rules or regulations would suffice without the active co-operation of experienced surveyors. 
With the further development of welding in ship construction, it is possible that other factors may have 
to be considered, and, for example, I suggest that the time may come when some attention may have to be 
given to the welding sets installed in the shipyards. 


On the engineering side the question is not so important, for the simple reason that we can be much 
more precise in our testing methods as applied to the finished article. 


The notes on Design are of a general nature and may prove of special interest to London colleagues. 
We are getting familiar with welding propositions, as shown on the plan, and the severity of the 
conditions of acceptance varies directly with the degree of importance attached to the proposed design. 
This is, of course, quite reasonable. 


There can be no doubt that Surveyors whose duty it is to implement seemingly onerous requirements 
emanating from the London office, have a difficult and sometimes distasteful duty. It is, 1 think, 
unavoidable that present specifications and requirements should be of a somewhat exploratory character, 
and from the experience now being acquired in design, construction, testing, inspection, and research 
work, satisfactory standards must eventually emerge. 


The section on Inspection and Testing is of general interest, and it is to be hoped that the remarks 
contained in the paper will be supplemented in the discussion. 


It is, of course, very difficult to transmit effectively the fruits of one’s experience. Only those who 
come into frequent contact with welding are able to cultivate that sort of instinctive knowledge which 
tells them when they are face to face with a bad weld. But I do not wish to over-emphasize what might 
be called “instinctive knowledge.” It is dangerous when applied to welding. The old adage that ~ all 
is not gold that glitters” was never so true as when applied to a welded joint. Quite definitely, we 
cannot judge a weld by its finished appearance alone, and whilst a bad finish invariably indicates a bad 
weld, a good finish may cover a multitude of slag or gas inclusions and metallurgical deficiencies. 


For this reason, I have indicated in the section dealing with Inspection, the minimum number of 
stages at which inspection should be carried out on welded pressure vessels. 


The tests which are described and discussed in the paper, are those which might be regarded as of a 
routine nature. The X-ray photographs have not reproduced as well as I would have liked, but no 
doubt they serve their purpose. We must be careful not to judge X-ray photographs without reference 


to the various important factors in radiographic technique which are essential to proper interpretation. 


The section on Electrodes should prove interesting. It may be said that the prime problem in 
electrode manufacture is to provide an adequate shield for the arc. This is very diffienlt. and is seldom 
achieved in practice. With all the multitude of electrodes produced today, there are not more than two 
or three which I would care to recommend for the welding of important pressure vessels. 


With these few remarks, gentlemen, I will leave the paper for your discussion. 


Mr. ‘THOMSON. 


Mr. Pemberton has given us in this paper such a very comprehensive review of welding and its 
application to different fields, that one can only restrict one’s remarks to those aspects with which he is 
fainiliar, and in my case that is to shipbuilding. In shipbuilding we have all sorts of electrodes, from 
hare wires to very heavily coated. The bare wire electrode seems a somewhat crude article, but on the 
other hand it has proved its uses over the last 24 to 30 years as being very suitable indeed for many parts 
of the structure which are not severely stressed. 
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The fact that a good deal can be done with what is practically bare wire simply shows. after all, we 
may not scoff at this apparently elementary method of doing welding, although makers of the patent 
electrodes nowadays have nothing good to say about their more simple competitor. 


It must be agreed, however, that welds made with such electrodes are very deficient in ductility. 
The deposited material has really no ductility at all. Some have an elongation of 2 per cent, in fact. so 
little one can hardly consider it. 

When we come to consider the application of welding to the more serious parts of the structure, 
such as the shell plating or deck, we use the more heavily coated electrode, and we have seen a very great 
development in the last few years of this kind of electrode. id 


When I was concerned with testing electrodes in 1918, the best coated electrode never gave a bend 
test of more than 70°, whereas nowadays nearly all give 180°, without any appearance of fracture at all. 
In those days we were very enthusiastic about welding, and when the Funnacar was built it was 
expected she was to be the forerunner of great progress in welding in shipbuilding. This was not 
entirely realised, although we have now reached a stage which shows that headway is being made. 


But when I come to Mr. Pemberton’s paper, it gives on page 46 some typical results, he says, from 
a very high class electrode. I can only say that it is a very high class electrode indeed, as the figures are 
much better than any I have seen. 


An electrode which will give 35 tons and 30 per cent. elongation is something to make one wonder. 
I do not say it does not happen, but it has not come my way. 


There is another figure I do not quite agree with. Mr. Pemberton gives, as a result of alternating 
tests, a limit of + 95 tons per sq. in. I have never seen anything more than 64 to 7 tons. 
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Apart from all this, there is a question which T have had raised by electrode makers, and that 
is, that there is a tendency nowadays to produce an electrode which will give high class experimental 
results like this. It appears to be quite possible to get these results for ductility, but, on the other hand, 
it is said that although one gets these test results, when it comes to welding the structure it is doubtful 
if such results are not obtained by sacrificing other desirable properties of value in everyday work. — It 
seems to me it is a point which wants some consideration in future. 


The author's remarks on the various methods used for examining the finished weld are of interest, 
but, of those mentioned, I have only seen the X-ray system. Mr. Pemberton deals fully with the 
limitations of this method, and my experience confirms the views expressed in the paper that it is of very 
doubtful utility on account of the many factors which must be taken into consideration. This opinion 
is, | know, held by the technical experts of one of the leading firms of electrode manufacturers, who have 
devoted considerable attention to this problem. 


Mr, Pemberton introduces another question as to design suitable for welding, and this other question 
about suitable sections for welding. As far as we are concerned we have flat bars and bulb plates 
and reverse angles, and I do not think we want anything else, except possibly a greater range of 
bulb plate sections. 

Welding has a very great future, and I think Mr. Pemberton has shown us the lines on which 
progress can he made, but in addition to electric welding he makes some remarks about Thermit welding. 
This was approved by Lloyd’s Register about 10 years ago, and it is only about two years ago that I was 
fortunate to he one of the few present when one was made, between two pieces of steel in the workshop. 


It was a very wonderful process to see the molten steel flowing down in about thirty seconds. But 
about two days later I heard that the makers did not wish this to be official, and did not wish us to attend 
the tests. Another one was made a few days later and gave better results, but it is not a process in 
which one would place too much confidence. Only one has been made in this country, and while it has 
proved quite satisfactory so far as we know, I think caution must he exercised in advancing on 
these lines. 

I am afraid I cannot follow Mr. Pemberton in pressure vessels, but no doubt some of my colleagues 
will do so. 


We must congratulate Mr, Pemberton on calling attention to so many points, and one could go on 
for a very long time discussing the questions he raises. 


Dr. Dorey. 


Dr. Dorey expressed his appreciation of the good work which had been done in the paper, and in 
regard to the reference which had been made to him by the author he could say that he had been 
fortunate in being able to provide Mr, Pemberton with the opportunity to acquire the knowledge and 
experience necessary for the preparation of such a valuable paper. He was glad to see that Mr. Pemberton 
had been able to take full advantage of the opportunity which came along at a propitious moment. 

He did not propose to say very much in the discussion, but from Mr. Thomson’s remarks he could 
only infer that just as boiler making was a superior art to shipbuilding, so welding in engineering practice 
was on a higher plane than would be found in the shipyards. This was no doubt due to the fact that, 
in engineering practice, the application of welding usually entailed a higher degree of responsibility than 
in shipbuilding, and the welds were called upon to take much higher stresses under exacting service 
conditions. 


Mr. Thomson had referred in dubious terms to the question of X-ray examination, but he 
(Dr. Dorey) could affirm without hesitation that X-ray formed, and would continue to form, a very 
useful, indeed essential, factor in any testing and inspecting procedure applied to such important welded 
joints as existed in pressure vessels. An X-ray photograph was, of course, meaningless to those who did 
not know how to interpret it properly. The best advantage could only be obtained from the X-ray test 
as a result of experience. 


Dr. Dorey emphasized the importance of non-destructive testing methods as applied to welded 
pressure vessels, and pointed out that in these days of rapid progress it became increasingly necessary to 
exercise rigid control over testing and inspecting procedure. Confidence in welded joints could only be 
ensured by careful and methodical testing, and X-ray photography had been found to be of inestimable 
value in this respect. He could say quite definitely that industrial radiography had come to stay. 


In dealing with other aspects of non-destructive testing methods, Dr. Dorey mentioned the magnetic 
processes and expressed the opinion that these methods would be developed in the future, and may 
ultimately be as useful as X-rays for the examination of butt welded joints. At the moment, the 
magnetographic method was mainly applicable to the detection of very fine surface cracks, which could 
not be discovered by ordinary methods of inspection. It was necessary, of course, to magnetise the 
article under examination and this presented a difficulty in regard to large parts. In certain circum- 
stances it was possible to detect cracks and voids beneath the surface of the metal, and he had himself 
seen the process successfully applied to bad castings which, from the outside, showed no evidence of the 
flaws within them. 


There were certain difficulties in regard to the application of magnetic testing methods to the butt 
welded joints of pressure vessels, but he thought these would he overcome in due course. 


In concluding his remarks, Dr. Dorey referred to the question of heat treatment, and explained that 
so far as welded pressure vessels were concerned, there were three schools of thought. 

One maintained that a normalising heat treatment above the upper critical temperature was essential, 
others believed that a stress relieving heat treatment at about 600° C, was all that was necessary, and then 
there was the third school which did not believe in any heat treatment at all. Convincing enough 
arguments could be put forward in support of each of these opinions, and it was necessary to give very 
careful thought to this subject. It was a question which could not be decided without taking into 
account both the conditions of manufacture and the proposed conditions of service in each case. 

The disturbance of the crystal structure of the parent plate was a factor which had to be considered. 
as well as the possibility of high residual stress being left in the weld. These matters were, at the 
moment, the subject of investigation by a number of authorities, and he thought that in due course it 
would be possible to say exactly what heat treatment was necessary in respect of any welded joint. He 
also suggested that the question of heat treatment could only properly be examined in conjunction with 
the consideration of welding technique and quality of electrodes. 

These questions were worthy of study by those interested in the subject of welding. At the same 
time, he could say quite definitely that welding development had reached a stage at which an inspecting 
authority could satisfy itself by a suitable testing and inspecting procedure, such as that indicated by the 
author, that a welded article was strong, safe and reliable. 


V. LocKNEY. 


ft will, I think, be generally agreed that Mr. Pemberton has rendered a valuable service to this 
association in placing before us the position of welding to-day in such an able and comprehensive 
manner. I think there has been a real need for this paper, and that whilst many of us have had some 
experience of welding in repair work, the advancing scope of welding is such that this paper will, T am 
sure, be widely read and appreciated. 


I have two general comments to make on the paper, firstly, that it leaves one with an Oliver Twist- 
like desire for more, and secondly, that the technical excellence of the paper is only surpassed by the 
prolific nature of the author’s literary output. 


I would like to make a few remarks regarding the technical matter discussed in the paper, and 
would begin with an enquiry regarding forge welding. 


Mr. Pemberton points out that with water gas forge welding it is seldom possible to obtain more 
than 50-60 per cent. of the ductility obtained in the material remote from the weld. I would like to ask 
what tensile test results across the weld are being obtained with this type of welding, and whether similar 
tensile test results are obtainable on various thicknesses of plate which have been welded. 


The author mentions the thickness of 14 ins. as the upper limit for this type of welding with mild 
steel. Does this apply to circumferential seams welded by hammer, as well as to longitudinal seams of 
cylindrical pressure vessels, when welding is done between rollers. 


I was very much interested in Mr, Pemberton’s remarks regarding oxy-acetylene welding. It was my 
experience whilst serving in Italy that electric welding was not regarded as being sufficiently reliable for 
important boiler repairs, such as new part combustion chamber backs and sides, or part front end plates, 
and in these cases oxy-acetylene welding was invariably employed, with very satisfactory results. 


In this connection, | would comment on the author's remarks at the foot of page 27, and say that 
many excellent repair jobs, such as that just mentioned, have been carried out, in which the riveting has 
been done first and the electric welding afterwards, but that where oxy-acetylene welding is adopted it is 
essential that the welding be done first. 


Turning now to Figure 45, which shows methods of attaching the dished ends of pressure vessels to 
the cylindrical shells, [am struck by what seems to me to be an inconsistency. There are three methods 
shown in which a certain nervousness regarding the ability of the weld to do its job is exhibited, two in 
which the shell plate is turned in in such a way that it helps to prevent the end plate from being blown 
out, and a third in which there is a lap joint with double fillet welds, in which, of course, advantage is 
taken of that property of riveted joints which is sometimes called “sticktion.” 


‘Then, as if suddenly realising that he is an advocate of welding, the author puts in a proposal in 
which the whole of the load on the end plate is carried by the weld, and to make it look more genuine 
he makes it No. 1 of the four. I would suggest that if there is still need to turn in the shell plate end 
as shown, then it is as yet early to have unsupported longitudinal and circumferential seams. 


I am interested in the insistency placed on the necessity for welding from both sides of the plate, 
and wonder what the author would regard as the minimum thickness for which this should be necessary. 


My own experience of welding is confined almost exclusively to boiler repairs, and in certain districts 
in which I have served, the view has been held that it was desirable to complete the weld from one side. 
I am speaking now of plates about 2in. thick. The reason for this was that it was felt that if there was 
on the other side of the plate, a line of protruding metal, which would stand being hammered, then fusion 
of the weld metal and parent metal at that side had occurred ; and that it was only necessary to weld from 
the other side when this objective had not been achieved—in other words, welding from the other side 
was regarded as making the best of a bad job. 


The necessity for this procedure is a little more obvious in the case of thick plates, but it does 
appear to me to lend itself to the possibility ‘of patching up. 


This is important, when we bear in mind that the results we get from a test plate are not, and 
cannot be, wholly representative of the weld in the seam. 
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For this reason, | would suggest in welded pressure vessels, the minimum amount of inspection required 
as on page 31, should include an internal examination of the finished external weld, and a further 
examination when the seam has been veed out internally for the final internal weld, in order to ensure that 
what is being done is not in the nature of patching up. 


The final point I wish to refer to, having regard to the limitation of time at my disposal, is 
the proposed hammer test of welded seams of pressure vessels. 


First. of all, I would ask the author what type of hammer he would use for this purpose—a test 
hammer, hand hammer, quarter hammer or riveting hammer ? 


Mr. Pemberton has reminded us that we must not forget the notch effect in a welded seam, due to 
the discontinuity of the grain structure in way of the weld. 


Having regard to this, I suggest that to subject a welded seam to a hammer test when the vessel is 
under its test. hydraulic pressure, is altogether too severe, and indeed unwise. 


Now a hammer, judiciously used, can, I believe, be very helpful, and I certainly think that a welded 
seam should be hammer tested, but not when under full hydraulic test pressure. 


What I would suggest, is, that a hammer test be applied when the vessel has a little hydraulic 
pressure on it, say 30 per cent working pressure, after which the full test pressure should be applied. 


In this way, I think, the test would reveal what it is intended it should reveal, without the risk of 
damaging the seam in a way that would not readily be observable. 


I would like to add my thanks to those already expressed to Mr. Pemberton for this valuable paper. 


D. GEMMELL. 


Mr. D. Gemmell congratulated the author on his success in producing such an informative and 
instructive paper which clarified a subject about which there existed considerable confusion of thought 
and ideas. There had been a great development in the application of welding in the refrigerating 
industry. Fusion welding provided an ideal method of making joints in pressure vessels, condensers, 
ammonia receivers, ete., in which it was essential to guard against leakage, but it was a method which 
had to be used with skill and intelligence, and it was his experience that this aspect of the subject was 
fully appreciated by the firms of high standing and repute with which he came in contact. They 
acknowledged their difficulties, and were anxious to improve their results. He thought it was only by 
the spreading of knowledge such as was contained in this paper, that improvement could be assured. 


The “upset method” of resistance welding of steel pipes was an extremely reliable one, and had 
been extensively used for over 40 years at a large factory with which he had been closely associated in 
the course of his surveying duties. At this factory he had examined and tested thousands of these welds 
and had, to the best of his recollection, only met with three failures, due to slight porosity. 


An unusual failure of a weld of this type came under his notice, and perhaps the author could 
suggest the cause of the defect. A coil, 6 ft. dia. and about 9 ft. long, made of solid drawn steel tube 
Lin. bore and 1,%, in. outside diameter, had been tested at the maker’s works to 8,000 lbs. per square inch 
hydraulic pressure and 1 500 Ibs. air pressure under water. It had been lightly hammered whilst under 
hydraulic pressure and was apparently satisfactory. After having been transported to the site and fitted 
in place, one of the butt welded joints parted, leaving the two ends as clean as they were when placed in 
the resistance welding machine. There was not the slightest appearance of fracture at this section. 
Mr. Gemmell explained that in the building up of coils of this type the extruded metal at the butt joints 
was shaped by hand tongs while the tube was at welding heat. No grinding had been done in the case 
to which he referred. 


In regard to the resistance welding of pipes and coils, he had found that the “flash”? method, as 
described by the author, sometimes left an appreciable “fin” on the inside surface of the pipe in way of 
the weld. He asked the author whether there was any way of preventing the occurrence of this 
objectionable feature. 
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F. G. Brooke Smrru (EHartlepool) 


Mr. Pemberton in his paper has shown that the time he was attached to the welding department at 
the works of Messrs. Metropolitan Vickers, Manchester, was a period well spent, and we are fortunate that 
he has summarised some of the knowledge he gained there to some useful purpose. 

At the same time it is considered that his remarks in connection with electric welding practice are 
mainly those which can only be obtained where very high class work is carried out, and not such as is 
usually met with in the ordinary shipyard and marine engineering establishments. Surveyors who have 
the task of supervising the work done in these places would be very pleased if electric welding was carried 
out in the manner the author tells us it should be. 

The operators are generally in casual employment and appear to drift from place to place, wherever 
they are able to obtain work, and consequently the standard obtained is frequently changing. 

Mr. Pemberton is of the opinion that although certification of welders has been advocated, such a 
course is not desirable. Whilst agreeing that this would probably lead to complications, it is thought 
they should have some qualification, and certification appears to be the simplest method of overcoming the 
difficulty. It is considered that welding should be recognised at least as a skilled trade. On the 
North-East coast some employers have advocated this recognition, realising that it would be to their 
ultimate advantage; others, and apparently the majority, for reasons best known to themselves, think 
otherwise, and turn such proposals down. 

What is the result? A large number of operators have received barely sufficient training to strike 
an are and make a run which is not too irregular and blobby in appearance. The advantages of good 
penetration, sizes of electrodes to be used for various classes of work, when and why two runs should be 
used, the disadvantage of undercutting, etc., are matters which their ail too short period as a welding 
trainee did not permit. One may impress upon the officials concerned that great importance is attached 
to the cleaning operation, but it is another matter to get them to take serious notice, and I have no 
hesitation in saying that there is a large amount of electric arc welding which is done without any 
cleaning prior to, or during, the operation. Bad practice undoubtedly, but one which has grown up with 
considerable rapidity, due to the methods adopted by employers in getting their work done as quickly as 
possible by unskilled workers. 


Mr. Pemberton states that the quality of a welder’s equipment can give a ready indication of the 
quality of his workmanship. He will find that the equipment of the average shipyard and repairing 
operator frequently consists of a sight screen, pliers, gauntlet and perhaps a wire brush which is likely to 
last for an indefinite period. Whilst agreeing that any electric welding done by this type of operator 
may not be of the standard required for high pressure vessels, etc.. experience has shown that hull, boiler 
and machinery work carried out by these, has stood the test of time. 


One large concern makes a point of stipulating that any welding work done for them by outside 
contractors must have welded test pieces, made by the operator doing the work, attached to each job. 
Should more than one welder be engaged on the same structure, separate test pieces are to be made by 
each operator, suitable identification marks on the test pieces and runs are required. 


What is a matter of some concern is how are these untutored operators going to deal with the large 
size electrodes which are rapidiy coming into use. Mr. Pemberton tells us we may expect to be using 
electrodes } in. in diameter in the near future. As the bigger electrodes require higher temperatures, so 
then it is only reasonable to expect troubles of a serious nature, as without a doubt, attempts will be 
made to use these electrodes by manual welding. 


At the present time there is a proposal to carry out in this district the construction of a structure of 
quite a large size in electric welding. This will eventually come under inspection of the Society's 
Surveyors. It is of a type which has never been atte npted before by the makers and who, whilst 
claiming to have been engaged in electric welding work for a number of years, have never had a 
responsible and trained official in charge of this department, which for some reason since its inception 
has been placed under the foreman boiler maker’s charge. The largest size electrode to which the 
operators in this shop, and probably district, are accustomed is a No. 8. In the structure referred to the 
management cheerfully talk about using quite large size electrodes, and have calculated in the drawing 
office how much time will be required to do certain runs of welding. Whilst it is good to be of an 
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optimistic nature, it is felt that in this instance it would be advantageous to move slowly, so as to ensure 
having a satisfactory job at the finish. Fortunately, the paper under discussion has arrived at an 
opportune time, and the information it contains may eventually be used with advantage to all concerned. 


The principal causes of unsound welds are thought to be unstable arc, inefficient or overrated welding 
plant, improper welding technique, insufficient cleaning of each run of weld steel, with the latter two 
probably taking pride of place. 


It is unlikely that the final paragraph on page 27 will be generally agreed with. Experience has 
shown that, in repair work, it is the universal practice not to remove rivets adjacent to a seam which is 
to be are welded, and the results of repairs carried out in this manner have, so far as can be ascertained, 
always proved satisfactory. 


The author on page 37, states that ductility is a variable metallurgical condition. This statement 
appears to be incorrect as ductility is a property of all matter, not confined to metals, and varies in degree 
in different substances. 


One other statement that is not quite clear is on page 40, paragraph 8, especially that part where the 
author states that transformation of carbon into carbide cement (cementite) appears to be an essential 
factor in promoting ductility. It has to be borne in mind that there is no free carbon in steel and the 
carbon containing body is pearlite or cementite. Steels containing the former are more ductile, those 
containing the latter are less. Pearlite may be transformed into cementite by quenching but the result 
is that quenched steel is brittle as compared with the unquenched material. Carbon alone cannot be 
turned into cementite, it is the combination of carbon and iron which may make cementite or pearlite 
according as the steel is rapidly or slowly cooled. 


Mr. Pemberton states that the attachment of flanges to pipes by means of fusion welding is not a new 
idea and that it is a practice growing in popularity ; at the same time it is advocated there should be at 
least two runs of weld metal in each. It is considered as a matter of general interest that it would 
be appreciated if the author gave his reasons for insisting on the two runs of weld metal, especially as 
economic conditions tend to make it somewhat difficult to persuade those engaged in securing flanges by 
this method, that the extra time involved in making two runs, as against one, is justified. 


Recently, the writer witnessed the carrying out of a series of mechanical tests to prove the reliability 
of a method which one firm in his district is considering adopting, for the securing of drop forged flanges 
by the electric are welding process to steel steam pipes of all sizes, for the use of superheated and 
saturated steam. 

In the tests referred to the flanges were faced and bored out a tapping fit on to the steam pipes. 


The end of the pipe being kept short of the face of the flange as shown on the sketch. (Fig.1.) The flange 
was then secured to the pipe by fillet welds, as also shown, and in accordance with the following table :— 


| Inside Weld Outside Weld 
| (A) (B) 
| 
| 3 hy P r y 
All pipes 4% in. thick ae he ... | 1 Ran No. 10 | 1 Run No, 10 
Electrode Electrode 


All pipes | in. thick above 14 in. bore and 1 Run No 10) 1 Run No. 8 
below 34 in. bore Electrode Electrode 


nm 


All pipes } in. and ,’, in. thick, 35 in. bore Runs No. 12) 2 Runs No. 10 


and above Electrode Electrode 


2? Runs No. 10. 1 Run No. 10 


Pipes above 4%, in. thick 
Electrode 1 Run No. 8 


i 


The depth of the flanges were in accordance with British Standard for screwed flanges. ‘This 
ensured that the flange was entered on the pipe more than three times the thickness of the pipe material, 
Which, as stated in the paper, should be the minimum amount. The annealed pipes upon completion of 
the welding being passed through a sinith’s fire, which is the general practice prevailing in this district 


for heat treatment of steel pipes after being worked. 


Sections of pipes in both heat-treated and unheat-treated condition were prepared, the dimensions, 
ete., In each case being similar, for the purpose of demonstrating :— 


That the strength of the weld is equal 


W aan ion flanges, and the bolts. 


or superior to the strength of the steel pipes, 


2) That the material adjacent to the weld metal has not deteriorated as a result of the 


welding. 


(3) That the weld metal unites with the steel and tron, making a satisfactory connection 


For the purpose of this paper it is considered that a short résumé of some of the tests carried out 
and the results obtained night be of some interest, and are as follows 


TEST. 


Nod: 


(a) A length of solid drawn steel pipe, 
4 in. bore by | "in. thick, haying flanges welded 
at each end, placed with one flange vertical upon 
the anvil of a steam hammer and flattened by 
blows until failure of pipe or welding oceurred 
when the major and minor axes of the pipe were 
measured. 


(b) The ppoget end of the pipe placed on 
anvil ‘vith the flange projecting 4 ins. beyond 
anvil. The pipe to be flattened by blows from 
the steam hammer until the sides were closed. 


No. 2. 


(a) As for No. 1, but pipe and flanges 
annealed before the tests were applied. 


(b) Ditto. 


No. 3. 


Longitudinal strips, 12 ins. long by 2} ins. 
wide, cut from a piece of solid drawn steel pipe 
Lin. thick. Four test pieces welded up as 
shown in sketch (Fig. 1) and tested as follows :— 


(a) Test piece machined on each edge for a 
length of 6 ins. each side of weld to a width of 
2 ins. ‘Test piece broken in a tensile testing 
machine. 


RESULT. 

(a) Bore of pipe before hammering, 32 ins. 

Major Axis=4} ins. Minor Axis=2# ins. 
on Pails after hammering. Flanges cracked 
along both major and minor axes. The crack 
along the major axis was through the flange 
only, that along the minor axis passed through 
the weld into the pipe. 


(b) When the pipe had been flattened until 
the sides were closed, no failure of weld, flange 
or pipe could be seen. 


(a) Bore of pipe before hammering, 32 ins. 

Major Axis=4,°; ins. Minor Axis=14 ins. 
on failure after hammering. Flange buckled 
and cracked on outer edge, and welding tore 
away from flange along both flattened sides, i.e., 
parallel to major axis. 

(b) When the pipe had been flattened until 
the sides were closed, no failure of weld, flange 
or pipe could be seen. 


(a) Ultimate Tensile = 14°55 tons. Elon- 
gation in & ins. = 17 per cent. 
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TEST. RESULT. 

No. 3—continued. ; . : . 

(b) As for (a) but test piece annealed before (0) Ultimate Tensile = 14°5 tons.  Elon- 
breaking. gation in 8 ins. = 244 per cent. 

(c) Bend test piece as for (a). (¢) Bend—Weld perfect when bent parallel 

; over 1} in. radius. 

(d) As for (c) but test piece annealed before (7) Bend—Weld perfect. when bent parallel 
bending. over | in. radius. 

(¢) A 12in. strip machined down at centre (e) Ultimate pices = 14-6 tons. — Elon- 
to 2 ins. wide, and broken in a tensile testing gation In 4 Ins, = 25 per cent. 
inachine. i 

(f) A 12in. strip. Bend test for (¢). (f) Bend—Closed without fracture. 
No. 4. 

(a) Two short lengths of solid drawn. steel (a) The load was steadily increased to 40 tons 
pipe, 34 in. bore by } in. thick, having flange total load, when first one bolt broke then two 
welded to one end. ‘The flanges bolted together others. Pipe, flange and welding not damaged. 


and assembly broken in a tensile testing machine, 


(b) The load was slowly applied, the bolts 
began to stretch and Luder’s lines were developing 
on the pipe; finally they broke at 53. tons. 
Weiding not damaged. 


No. 5. 

(a) A short length of solid drawn steel pipe (a) The bottom flange was rigidly fixed to 
34 in. bore by } in. thick. having flanges welded the revolving table of a machine, and the upper 
toeach end. The assembly twisted until fracture flange held by a bar. The table was turned 
occurred or elastic limit of material had been through 180° which caused the pipe to take a 
passed. spiral form. The welding was intact and showed 


no sign of fracture. As the elastic limit of the 
pipe material had been passed test was stopped 
at this stage. 


The photographs (Figs. 2 and 3) show the condition of the pipes after Tests Nos. 4 and 5 had been 
carried out. In the one connected with Test No. 4, attention is drawn to the Luder’s (stress) lines 
which can be plainly seen in the pipe material. If the bolts had not given out it is quite evident 
that the pipe would have failed. 


It is thought that the mechanical tests which were carried out have been as severe as could be 
reasonably applied, and have shown that iron or steel flanges secured to steel steam pipes by means of the 
electric are welding process, properly applied, can be accepted as being as reliable as any of the other 
methods which are in use at the present time. 


In conclusion, I would like to take the opportunity of thanking Mr. Pemberton for his most 
admirable contribution to the transactions of the Staff Association, even though, in my opinion, he 
expects a higher standard of workmanship in electric welding than what he will tind is the general rule. 


C. H. Srocks. 

We are indebted to the author for his valuable résumé of all available information on this subject, 
with the addition of its application in practice to pressure vessels, etc. He also introduces us to what is 
considered good technique, and shows some remarkably fine specimen test results, proving that in certain 
respects welding has definitely arrived. 
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We on the outside staff are encouraged to go and do likewise, or show just cause. It is said that 
practice makes perfect, and certainly we will follow the lead given, but unfortunately, on the ship side at 
least, we are faced with conditions very different from those associated with the more or less comfortable 
interior of a workshop, or even machinery space—inclement weather, precarious staging and restricted 
attitudes are not conducive to high efficiency in a welder. It might be argued that these conditions 
apply equally well to a riveter, but we may accept that the riveter, having the simpler task of merely 
flattening down a rivet point with a hammer, is less likely to be adversely affected. 


Moreover, we can easily check up on the efficiency of a rivet, whereas to judge a weld one must 
depend principally on a * knowing eye,” supplemented by occasional destructive tests which will not be 
welcomed—one cannot contemplate duplicate X-ray photography, iron filing or stethoscope tests of miles 
of seams, butts and fillet welds. 


Again, we may accept that in the hands of an expert, a simple weld, on component parts which are 
comparatively free from restraint, may approximate to perfection, but on ship structure we are dealing 
with large areas, relatively thin, composed of an infinite number of parts progressively built together, 
reaching a high degree of rigidity—not a simple structure; nor can the advantages of annealing be applied. 


In a riveted joint, the contraction of the rivet during cooling is its great asset, but in ship welding 
the contraction in the weld during cooling is definitely going to appear on the debit side. Contraction 
in the weld metal, not annealed, implies either internal stress or its equivalent in distortion or buckling, 
dependent upon the degree of restraint imposed upon the component parts during welding. Obviously 
we must eliminate buckling as far as possible, if only for appearance and so, under certain conditions, we 
are 1 ecessarily left with the alternative undesirable high internal stress. In practice, the degree of stress 
will be indeterminate, varying from a negligible amount for no restraint of the components during welding, 
to a critical stress for high restraint, approaching and even reaching self fracture. An example of self 
fracture, due to high restraint, occurred in a side shell butt of a welded ship, despite advance precautions 
and the use of the highest quality covered electrodes and expert welders. In regions of high restraint it 
may be found necessary to use riveted joints in an otherwise all-welded ship. 


Mr. Pemberton, in a sound general way, mentions the subject of these * locked up” stresses and 
buckling, stating that due allowance must be made in the design stage and also in welding technique. 
| would be interested to know whether the author can give any experimental results for these “locked up” 
stresses. Without wishing to exaggerate the difficulties, one may briefly say that, from a shipbuilding 
point of view, the possibilities of trouble in store for those who look upon welding simply as a convenient 
alternative to riveting, cannot be over emphasized. On the subject of allowance for shrinkage in the 
design, a unique example of shrinkage was provided in a welded ship. During the process of building up 
the shell strakes from the keel and welding progressively, it was observed that the forefoot was gradually 
rising due to the contraction in the butt welds of the structure added above, and on completion prior to 
launching, the forefoot was standing clear of the first five blocks. 


Another important example was found in the accumulative contraction in intercostal plate girders 
which had a fillet weld on each side of each floor; it was found that unless the intercostal plates were 
close fitted before welding, the shrinkage over a considerable length was sufficient to distort the general 
lines of the hull in its then partially framed state. 


The difficulties of ensuring sound welding and a shapely ship under yard conditions may therefore 
be appreciated, and it would appear to be obvious that welding calls for a much higher degree of 
intelligence and skill in the operator than is generally allowed for, particularly as the degree of supervision 
on a large structure is limited. 

The risk of set. back lies not so much in the scientifically produced electrode as in the unscientific 
application of welding. 

No doubt most difficulties will eventually be overcome, but in the interval the theoretical margin of 
cost between riveted and welded ships will probably be much greater than is anticipated. Bad riveting can 
easily be cut out and replaced by good riveting, but bad welding will not only necessitate cutting out and 
rewelding, but may mean the renewal of the plates and sections involved. As pointed out by the author, 
the amount of metal deposited should not exceed necessary requirements, additional welding will not add 
to strength but will mean additional heat and further distortion, buckling or stress. 
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Theoretically the plain butt weld may be better than the overlap, but the latter will probably find 
considerable favour for constructional reasons, and this is unfortunate, since the plain butt weld promised 
to be a distinctive feature of an all-welded ship, with a consequent reduction in weight of material. The 
constructional advantage of the overlap lies in the erection margin which it provides, and the corresponding 
disadvantage of the butt type of weld is the difficulty of ensuring the requisite gap of ,!; in. to $ in. over 
a long length of plate or bar which during the process of welding will tend to sheer over to one side 
through distortion. Judicious tacking and the use of spacing slips will minimise this, but a certain 
amount of free movement is desirable since its relieves distortion buckling and stress. In an overlap weld 
the amount of overlap, within limits, is not so important and on ace ount of this permissible margin, the 
work is less likely to be held up for rectification on account of distortion. 


We may, therefore, see more of the adoption of overlap seams for shell plating and decks, although it 
savours of a relic of the riveting era. With joggling, particular care is necessary, as the application of 
welding heat tends to release the “residual stress due to cold working and again introduces the problem 
of distortion. 


This type of construction would favour the longitudinal system of framing since it is desirable to 
keep down the number of cross-over welds, and in addition the longitudinals, by spanning the shell 
butts, would add appreciably to their efficiency. 


A. J. Axesrer (Newcastle). 


The author would appear to have made good use of his nine months in a welding establishment, and 
we are much indebted to him for allowing us to share his experience. 


The size of his paper, however, confirms what I have thought for some time, that the use of welding 
has extended to such an extent, that to treat the subject generally now is almost an impossibility, even as 
it would be to confine * Engineering ” or ‘* Shipbuilding ” to a single paper. 


The symposium on the welding of iron and steel, which is being arranged by the lron and Steel 
Institute in conjunction with other Societies and Technical Institutions in May of this year, divides the 
subject into five main groups and twenty-four sub-groups, to each of which there will doubtless be several 
contributions. 


To this extent then has welding grown, and | must admit to some difficulty in knowing just what 
section to discuss in Mr. Pemberton’s paper. 


In fact, rather than attempt to discuss the paper in detail it would, I think, be better to give effect 
to one or two thoughts in regard to the position of electric welding in shipbuilding today. 


I am in the fortunate position of having been associated in the past few years with a shipyard which 
is undoubtedly one of the most advanced and progressive in this country in its use of electric welding. 
One literally sees miles of welding in the course of a month, welding for almost every conceivable purpose 
and in every variety of position. 


This firm at the present moment is building two all-welded ships side by side, both self-propelled and 
each about 250 ft. in length, one a tanker having a double skin and specially strengthened against ice, 
and the other a cargo boat for use on the ¢ ‘anadian Lakes and Gulf of St. Lawrence. 


These ships are being built against quick delivery. Not content with this, welding is being used in 
the construction of main bulkheads, oil fuel bunkers, decks, deck houses and the like in other ships, 
building and altering, and for the thousand and one smaller items that are ever present in a shipyard 
where there are any ships building at all. My admiration now is not so much for the welder as for the 
ingenuity and skill shown by all those responsible for the erection, first at the skids where such welding 
as is possible is done, and then in position at the berth, of those seven, eight or even twelve ton “lifts” 
which in the aggregate make up the all-welded ship. The designer also “deserves praise in the way he 
draws out his plans so as to minimise buckling and so forth, and in his preparation of the welding lists 
which form the basis of the job. All this is being done without any elaborate system of nomenclature 
or symbols. 

One thing is clear in my mind, the ultimate use of electric welding in shipbuilding will stand or fall 
upon its success or otherwise in butt welding. This type of joint is eminently suitable for many reasons, 
not the least being that of weight, and construction difficulties can be readily overcome. 
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The simpler the design of the all-welded ship the better it is for its construction, and in this 
connection I think shipbuilders in our own country can give points to those of other countries, whose 
designs often appear to me to be unnecessarily complicated. 

The author refers to the use of oxy-coal gas in the preparation of edges to be welded. ‘This has been 
found quite satisfactory in the case of large I sections cut through the middle to form tee bars, and no 
difficulty has arisen in welding these stiffeners, so cut, direct to the plating. In my opinion, however, all 
butt welded joints of plating should be properly prepared and veed at the planing machine. 

With regard to the inspection of welding, I still feel that this is mainly a question of testing the 
conditions of welding and knowing the electrode—the actual weld very largely speaks for itself. Of 
course, it is desirable to know the operator and to watch him at work, but this is not always possible. I 
have sometimes criticised the work of a welder to his supervisor, and found, as I suspected, that he was 
tackling a particular type of job for the first time. A good welder nowadays can weld with almost equal 
facility in any direction, though it is still the practice to weld downhand as much as possible. There are 
handy little gauges now available for measuring throat thicknesses of fillet welds. 


Iam still in favour of continuous welding for attachments of all forms of stiffeners, even though 
there be only one run each side. While it is certainly important to clean each run of weld metal I think 
the author must be exaggerating when he says ‘this operation (i.e., the cleaning) takes longer than the 
actual welding.” It certainly does not in shipyard work, where the careful use of a light pneumatic 
caulking tool will get most of the slag off in a very short time, and the use of a small hammer and a wire 
brush will soon remove the rest. 


I should like to thank the author for what will undoubtedly be a very useful addition to our 
transactions. 


V. F. J. Sprowox (Augsburg). 


We ought to be very much indebted to the author for having read a paper on welding before the 
Society’s Staff Association, as this branch of engineering is at present of increasing importance. 
Classification societies and state authorities on the Continent are also devoting a considerable amount of 
time to the study of this subject, their experiences already having been in part condensed into the form 
of fairly definite requirements for the supervision of weldings. Many interesting points for discussion 
are raised by the author in his paper and a large amount of information is given, but I shall confine 
myself to touching on a few items only. 


It is very interesting to observe how the tendency for the application of both the most important 
methods of fusion welding changes in the shops. Periodically for the same kind of work, at one time 
oxy-acetylene fusion welding, then at another time electric arc fusion welding is used, according to the 
way in which research and practical experience emphasise the improvements of the one or the other 
method. As a general rule, where the shrinkage effects can be eliminated, and the costs are adequate, 
then oxy-acetylene fusion welding may be employed, while it must be employed for all metals such as 
Cu, CuNi, Al, ete. In all other cases where shrinkages cannot be eliminated, the arc fusion welding 
should be used. 


Personal inclination tends more to are fusion welding, as with the gas fusion welding the heated 
and overheated zones are greater than with the former, and thus the possibility of distortion in the 
work piece in question also is greater. In the overheated zones and with cold worked parts, also in the 
less heated zones, re-crystallisation effects will cause a crystal growth in the micro-structure, and thereby 
a tendency for the formation of cracks in the material. Heavy engine parts with thick walls need 
heating during longer periods of time by means of the welding flame, or sometimes a pre-heating in a 
furnace; these operations, necessitating a greater consumption of gas and time, will increase the 
manufacturing costs far above the level of are fusion welding (Sketch 1, Fig. 4). 

In addition to this it should not be forgotten that many accidents have occurred with gas fusion 
welding in the past and that there will always be danger present with gas generators and containers in the 
future too, in spite of the utmost precaution. Indeed, the application of are fusion welding demands 
from the supervision, as the author already points out, a thorough knowledge even of the whole electric 
generating plant and its accessories, formation and maintenance of the arc and the various influences on 
are and deposited material, whilst with gas fusion welding one has merely to concentrate one’s mind on 
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the welding process and at most on the gas supply. But, nevertheless, the necessity of a thorough 
study of all these new features connected with are fusion welding will serve to increase one’s interest in 
the matter. In any case the author's good advice to give close attention to correct current values and 
general conditions of the whole are welding installations in the shops, is extremely acceptable. 


The use of manufactured engine entablatures and bedplates of are fusion welded steel plates instead 
of cast iron, must be welcomed, of course, from the point of view of engineering progress. Even with 
highly stressed high speed heavy-oil engines there have been no serious troubles so far as are fusion 
we.ded parts are concerned. On the contrary, in the case of one entablature, for instance, made of arc 
welded steel boiler plates (41-47 kg/mm?) and afterwards properly annealed to about 650° C for stress 
relieving, the fuel oil pumps were fitted directly to the wall. Probably due to a faulty design the 
extremely high fuel pump pressures (certainly in the neighbourhood of 1,000 kg/cm?) in the fuel oil pipe 
lines, but necessary for the direct injection of the fuel oil into the cylinders, caused bending stresses in 
the wall, which after some time of working cracked in the parent metal just above the pumps. 


In addition to these bending stresses there may have been stresses caused by continuous vibration 
in the wall, but the adjacent welded joints withstood all the combined efforts of destruction and no 
failures could be detected in them. On the other hand, a steel arc fusion welded bed plate (87-41 kg/mm?), 
but not annealed after welding, fell from a height of a few feet only and on examination was found 
slightly bent (Sketch 2, Fig. 4). This not only caused the cracking of a weld, but in addition the crack 
continued into the adjacent parent metal of a separate plate. 


In both cases mentioned above covered electrodes were used. ‘These two cases, picked ont from a 
lot of similar ones, give a striking example of the necessity of applying a thorough stress relieving thermal 
treatment at a proper temperature to all welded parts. 

Though the following remarks are somewhat out of the scope of the author's paper, they may be of 
some interest in connection with the very often ventilated question :—Fusion welded steel engine 
entablatures and bedplates versus the same made of cast iron. It may be remembered that a thin steel 
wall when vibrating can be far more easily brought into any state of resonance than the thicker cast iron 
walls. Generally steel has very poor noise damping properties, whilst cast iron with the free graphite 
interspersed in the micro-structure per se has excellent noise damping properties. The former poor noise 
damping property can have unfavourable effects with engine plants where smooth operation is essential, 
as for instance, with installations for luxury yachts. A steel are welded ante-chamber engine (42-45 atm. 
combustion pressure) was as noisy in operation as a cast iron direct-injection engine (55-60 atm. 
combustion pressure) of the same type and output, whilst a cast iron ante-chamber engine of the same 
type and output was practically noiseless in operation. Saving of weight at all costs is not always a 
desirable consideration. ~The foregoing has been mentioned in order to emphasize that even in times 
of rapid development and progress old-fashioned methods still hold their merits. 


For pressure vessels with fairly thick walls the author recommends the U-shaped butt joint without 
gap at all on the root. The question may now be raised whether, on the vertical wall of such a joint, 
the same perfect fusion of the deposited metal with the parent metal will be obtained as with the inclined 
walls of a V-shaped joint. Further, it is said that the rather narrow space on top of the walls of a 
U-shaped joint facilitates undercutting effects when putting the first layer on the sides of the root. 
Also, with the U-shaped joint the difficulty of removing slags and impurities is greater at this place than 
with any other form of joint. Therefore, for plates up to about 25 mm. thickness, the V-shaped 
generally is used; with thicknesses of plates exceeding 25 mm. the form of joints as shown in Sketch 3, 
Fig. 4, is recommended. 

For the examination of fusion welded joints of pressure vessels, the non-destructive X-ray photo- 
graphic method is en marche, and perhaps will become obligatory some day. Failures from poor 
fusion in way of the vertical walls of the U-shaped joint will be less easily made visible on the X-ray 
photograph (if at all), as these walls are parallel to the direction of the X-rays, whilst with a V-shaped 
joint the walls are at a certain angle to the direction of the rays. Inclining the X-ray tube to the vertical 
walls of the U joint would offer still more difficulties in the interpretation of the photographs, on account 
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of the irregular thicknesses of the walls to be penetrated by the X-rays. 
A disadvantage of the V-shaped joint, of course, is the relatively large area which is covered by the 
upper layers, and the augmented shrinkage effects connected therewith, Some specialists on welding 


recommend with such a joint of thicker plates, many very small layers placed into the groove in a certain 
regular succession, in order to reduce the shrinkage effects to a minimum: but so far as I am informed, 
this kind of welding is not very popular in the shops as it involves a rather considerable amount of time 
for brushing, cleaning, costs for current, and the more numerous the number of layers, the greater is the 
danger of notch effects within the weld, where impurities and slags are enclosed. 

Besides, whatever mutual position work piece and direction of X-rays may have, there will always be 
difficulties in the interpretation of the photographs, so long as the shadows of the failures within the weld 
are projected on the plane one on top of the other. In this connection, 1 should like to mention that 
even several years ago in a technical exhibition in this country a stereoscopic X-ray installation could be 
seen. The double diapositives united and fairly enlarged by means of a system of lenses, showed very 
distinctly the gas and slag enclosures as brighter, apparently three dimensional bodies floating against the 
darker background. By means of a special measuring device consisting of horizontal + vertical cords 
and moveable in every direction, the length, breadth, apparent depth and apparent situation in space 
could be determined. The degree of enlargement being known, the true dimension of the failures could 
then be read on a scale in their actual value. There is also a method of determining by calculation the 
exact shape and situation in space of the failures from a stereoscopic photograph. For this purpose no 
expensive installation of enlargement is required, but only a small handy special binocle. 

Regarding the question of gas cutting raised by the author, it should be said that with more valuable 
constructional parts which have to be specially treated, the edges for welding are machine trimmed, 
though nobody would have any objection to gas cutting for such parts too, provided the gas cut edges are 
afterwards properly cleaned from tinder, scale and residue of burnt metal by means of grinding machines, 
or in any other way. ‘The strength of fusion welds is not regarded as being deteriorated by burnt edges. 
Results of tests of welded samples having either gas cut or machine cut edges are not available at present. 
But without any distinct reason, merely as a result of certain sentiments for proper engineering 
necessities, edges of valuable constructural parts are generally not gas cut, but prepared by machining. 

A well-known fact, which is observed very often, is that arc fusion weldings are carried out by the 
welders worse towards the ends of the joint than in the middle. The cause of this phenomenon is explained 
rather plausibly in the literature dealing with the matter, as follows:—* Advancing the are towards the 
end of the welded joint, the sectional area of the metal through which the whole amount of the lines 
of forces passes is gradually reduced. This causes a contraction of the lines of forces, with the result 
that the are is deflected from the edge of the work piece in the direction of its centre. The same occurs 
at the beginning of the joint to be welded, but the deflection of the are takes place in the opposite 
direction. In this way a proper fusion on the desired place is prevented.” 


This observation was confirmed when inspecting some large steam jacketed whale oil extractors 
which came under survey in this district. By a groove, cut out by means of a groove chisel on the root 
of the V-shaped joint, some places of poor fusion were detected, particularly on the ends of the 
longitudinal joint. But it must be confessed that this was not very easily done, as the parent metal 
and the deposited metal were caulked together by the tool in a certain way. 

Chiselling off the deposited metal from the top layer to the root, the same caulking effect made rather 
difficult the detection of poor fusion between parent metal and weld. Similar difficulties arose when 
inspecting fillet welds, as for instance, on rudder arms, fitted and afterwards welded around the 
rudder shafts. 

Further, I had the occasion to observe the welding of drums, the dimensions of which were as 
follows :—length 4,000 mm., diameter 1,100 mm., thickness of shell 25 mm., 8.M. steel 41-47 kg/mm?, 
angle 60° of the longitudinal V-joint and of the circumferential V-joint, this latter in the middie between 
the two shell courses. Gap on root 2-3 mm. 

Before the first layer was placed the tack welds were carefully inspected by chiselling off and brushing. 
First layer: 5 mm. covered electrode —pole, drum + pole, 180 amp., 40 volt, length of are 1-2 mm. and 
less, almost touching with one edge the metal. During placing the first layer a copper strip was put 
below the gap. Without chiselling off the deposited metal from inside of the drum, the poor fusion this 
time could be easily seen on both ends of the joint over a distance of 20-40 mm. from the edges. 
After each length of weld of about 200 mm., slag removed, brushed and fore end of layer chiselled off, 
sides of joint and surface of metal carefully cleaned from splashes and penetration inspected. Second 
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layer : 5 mm. covered electrode, 240 amp, 40 volt; third layer: 6 mm. electrode, 300 amp, 40 volt; fifth 
and sixth layers the same. With all layers after about 200 mm., welding, deposited metal cleaned from 
slag, brushed and fore end chiselled off for inspection. After root was cut out from inside of the drum, 
the seventh layer was placed here (Sketch 5, Fig. 4.). Top layer about 3 mm. above shell plate surface. 


In order to reveal failures resulting in poor fusion, a special tool machine is recommended by some 
manuals. This machine consists of a pointed milling cone driven by an electromotor, and at the same 
time advancing along the welded joint. In this way the deposited metal is milled off from the top layer 
to the root. By means of etching the places where the deposited metal is removed, its penetration (if any) 
into the parent metal can be ascertained; but this method cannot be accepted as a really perfect one, as 
only some parts of a long weld are examined, and in practice, tool machines as described above have not 
been employed hitherto, I believe. 


In addition to the methods of checking workmanship “on the spot,” mentioned by the author, I 
would suggest the acceptance of a method which is adopted in some welding shops. In order to get the 
most skilled men on the job right from the start, each of a couple of men must weld together in one layer 
some small plates having dimensions of, say, 100 x 100 x 8 mm., each plate prepared with one edge to 
form with another plate a V-shaped joint. The welds then broken in the vice (Sketch 4, Fig. 4) by means 
of hammer blows struck from the side of the root, will show fairly well, apart from the items mentioned on 
this occasion by the author, who of the welders is able to effect the most perfect fusion in the root also 
along such a short length of joint. This is rather a hard job to be carried out, as physical laws, i.e., the 
deflection of the are as described above, cannot be upset. However, having acquired confidence in the 
firms, and knowing for certain that only the most skilled and reliable men are set on the work in question, 
will be of great satisfaction to the surveyor charged with the responsibility of the work. 


Referring to the problems of normalizing, it should be said that manufacturers in this district do not 
heat only slightly above the upper critical, but raise the temperature considerably higher. The carbon 
contents are by no means homogeneous throughout a weld and differ somewhat. Assuming that the 
average © percentage in a weld is 0°5, then the formation of ferrite begins at 800°C. and the range of the 
proper temperature, according to the iron-carbon equilibrium diagram, is then between 820° and 830°C. 
But it is the custom to heat up to 900°C., then cool down at a normal rate in the air and re-heat again 
to 620°C. This refining process by fall of temperature has been proved to give very satisfactory results 
with welded boiler plates to 41-47 kg./mm?. tensile strength. 


On the attached photographs (Fig. 5) it can be observed that the desired self-normalizing effect with 
multi-run weldings, in spite of the rather high top layer, has not been reached throughout the whole 
stressed sectional area of the weld, so that further heat treatment even with such a mild steel is desirable. 
The author mentions the notch effect of the hardened zone in the parent metal adjacent to the fusion 
yone. ‘This zone does not disappear when only a stress relieving heat treatment is applied (B, annealed to 
620° C.), so that at least for fusion welded pressure vessels, subjected to fluctuating stresses, a normalizing 
heat treatment is advisable (C, normalized 920°C., annealed and re-heated to 620°C.). Photograph A 
shows the material in the initial state unannealed after welding. As the author already has pointed out, 
hardness tests (Rockwell } or ¢) properly carried out give a fair knowledge regarding the properties 
of weld, fusion zone and parent metal. 


Regarding the author's remarks dealing with the certification of welders I think there has been 
a slight misunderstanding. So far as I am informed the matter is as follows :—It has been the custom in 
this country, since the times of the medieval guilds and corporations, to issue a certificate of trade to all 
those youngsters who have served a four year’s apprenticeship, trained by licensed masters as blacksmiths, 
fitters, carpenters, etc., and after an examination before a board of aldermen, they become a licensed 
journeyman of their trade. In the same way, owing to the growing need for skilled welders at present, a 
new trade has been established now, i.e., the welder. After a special training comprising two years 
apprenticeship as fitter and two years as welder, the young workers get their certification of trade. It is 
by no means intended to charge the welder with the whole responsibility for his job, only owing to his 
certification. In those private firms which are occupied in work for the authorities, all welders must 
undergo twice a year some check tests of welding in the presence of a representative of the authorities, 
but these intentions have not yet been sanctioned by law. By the way, the best gas welder is not always 
the best are welder. 
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The question has also been raised in which way the tensile and bending test pieces, cut from both 
ends of ¢ iy cylindrical shell should be straightened ; whether this should be done cold or the strips heated to 
red heat. The one opinion inclines to do this cold, as the welded part in the centre of the strip will not. 
be a at all. The other opinion is to heat the strips in a furnace to a temperature of 650° C. exactly 
verified hy means of a pyrometer. I should be very glad to learn the author’s opinion with respect to this 
problem. 


In conclusion, | beg to thank the author for giving us such an instructive paper. 1 hope that later 
on he will present us with further information, as pr omised, dealing with the subject of welding of cast 
steel and cast iron. 


H. SurHursr. 
Mr. Pemberton deserves our thanks for an interesting and carefully constructed paper, and we shall 
be fortunate if he extends it and brings it up to date at some future time. 


Having been intimately connected with automatic welding of pressure vessels during the past year, 
the present writer, whilst being in almost entire agreement with the author's remarks on the subject, feels 
that perhaps a somewhat more detailed description of this venture may be of interest to those colleagues 
whose labours do not take them into this sphere. 


At present it is neither wise nor indeed possible, to be dogmatic, the matter being still more or less 
in a state of * flux,” but all-welded boiler drums are today being manufactured for land purposes, having 
working pressures of upwards of 500 Ib. per sq. in., and, step by: step, they are made as follows :— 


The shell may be in one or two plates. If in halves they are either equal in thickness, or the tube 
plate is heavier than the wrapper. If the latter, the wrapper is ordered of sufficient length to permit test 
plates being cut from it.” The shell, supposing it to be in one piece, is rolled and the longitudinal edges 
planed, each one to half the “V,” the Shape of which varies but may well be as shown in the paper. 
The seam is tack welded to hold it in the desired position and long backing strips of about 2 ins. by }in. 
section are also tacked below the joint. The test plates, also grooved as the shell, are tacked, one plate 
at each end (two halves making the plate) in line with the longitudinal joint and forming one continuous 
groove. Now to skip ahead a little. 


It is obvious that as the deposited metal, which is much more liquid than ordinary are-welding, 
cools, it contracts and in so doing, either draws the V edges closer together, causing loss of circularity, 
or, if not allowed to do this, may develop cooling cracks. ‘To compromise between absolute rigidity and 
over distortion, temporary bracing is fitted inside the shell, usually X bars being tacked at intervals and 
of a thickness dictated by experience. In a welding process where the rate of melting i is slow, and small 
electrodes are used, the bracing may well be almost solid, but with quicker deposit, it is prudent to allow 
a certain “drawing” to take place, although this is seldom more than the 1 per cent diameter laid down 
in the ** Tentative Rules.” Bracing then would appear to depend on (1) thickness of plates, (2) diameter 
of shell and (3) speed of welding with size of electrodes used. 

This done, the shell with its bracing, backing strips and test plates in feelers, is placed on its rollers 
under the welding head and by means of a small motor driven traveller, the V is adjusted to the correct 
position under the electrode. ‘The latter may be ten to twelve feet in length and feeds vertically into the 
weld, at the same time traversing at a speed to use about ten feet in as many minutes. The runs of 
metal are, of course, very thoroughly cleaned as the work proceeds, and a certain amount of “ fullering ” 
is done, which would expose gas pockets, etc., dress up the deposit for the following runs and, may “be 
suggested, acis to a certain extent in the same capacity as the head of metal used when casting, for what: 
else is a weld ? 


The paper mentions stress relieving with the V two-thirds full, and while the benefit of so doing is’ 
appreciated, nevertheless sound and apparently perfect drums are being made without stopping at this 
stage. Having welded up the V and dressed it off, the seam is examined by X- -ray, this being done 
systematically, in order that every part of the seam may be readily identified with its film counterpart. 
Fach film of about 12 ins. by 6 ins. is carefully examined, and here experience is essential to an 
understanding of what is portrayed. They may indicate the presence of slag inclusions, pockets, poor 
penetration or cracks, and it is the surveyor’s duty to recommend repairs or re- photographing as he deems 
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necessary. After having examined many hundreds of films, one is more readily enabled to determine 
which side of the weld is nearer the fault and to cut out from there. Usually faults entail the cutting 
out of only a few inches and never deeply. These are hand-welded and again X-rayed. Thus it will be 
seen that on completion, the weld is as nearly perfect as present day ingenuity can make it. Should the 
drum need rounding-up, it is first stress relieved before being re-rolled. We have now got a shell, the 
ends of which are machined to give the Y. 


When the drum ends or drum heads are fitted and tacked, the welding process is repeated with the 
electrode feeding downwards and the drum rotating. The welding finished and the X-ray found 
satisfactory, the drum with its test plates tacked on to the shell (they were removed for head welding) is 
finally stress relieved and submitted to hydraulic test. 


The above description necessarily omits certain details and figures which, the process being more or 
less in its earlier stages, it is obviously not the prerogative of the writer to disclose. 


A. Warr (Hull). 


The author has added yet another ‘classic’ to the transactions of the Staff Association and, like 
previous papers of similar high standard, will no doubt call forth a good discussion, which, together with 
the author’s reply, will augment the value of the paper as a whole. 


It is gratifying to learn that oxy-acetylene welding is in a fair way to being more fully appreciated, 
as shown in the author’s remarks in page 9, paragraph 3. 


An expert craftsman in oxy-acetylene gas welding and/or gas cutting or burning is an extremely 
useful man when engaged in boiler repairs, both in preparing the work and in the actual welding. 


The writer has seen much splendid work done on boiler combustion chambers, furnaces and also on 
front and back end plates by the oxy-acetylene gas process. The completed jobs are, as a rule, much 
better finished and more watertight than many similar jobs which were done by electric welding, and in 
such repairs, of course, preheating is not done. 


The expert oxy-acetylene gas burner is very useful. too, in cutting away defective material and in 
following cracks and flaws in cast steel stern frame plates, etc., and the cavities as left by the expert 
oxy-acetylene burner need very little further preparation for the electric welder. 


In such jobs as the fitting of Tel fins, Oertz fins and Ayres fin plates to stern frame rudder posts, 
the writer has repeatedly found a great lack of co-operation in the different departments of repairing 
firms, in preparing the work for the electric welder. Quite often the welder is ordered to use a type of 
electrode other than ‘tone approved by the Society,” so, in addition to having to read the riot act to the 
repairer’s assistant manager on account of the quality of the electrodes being used, the surveyor has to 
spend valuable time with the same individual andjor his assistants explaining how the plates should be 

repared by proper vees before the welder proceeds with the job. So the oxy-acetylene gas burner 
ee to be brought down to the dry dock and the surveyor has to pay another visit to see that the job is 
done properly. Then the surveyor is told that he is “faddy.” Of course, a great deal depends, 


too, on the interest the owners’ superintendent takes in the job and how much time /e spends on it. 
Superintendents vary. 


The author refers on page 21, paragraph 4 (1) to the importance of placing welded joints at positions 
where stress concentrations will not occur, (2) to the “notch effect” at a welded seam. On page 22, 
paragraph 5, he also refers to the liability of branches (of pipes, etc.) being subjected to external loads 
(say bending and vibration) and shows on Fig. 29 the “recognised efficient methods” for securing 
branches. It is considered, however, that in five of the methods shown in Fig. 29, viz., Nos. 1, 8, 4, 5 


and 6, there is liability to stress concentration and ‘notch effect” at the sharp line where the weld joins 
the body of the pipe. 


Even if the welded pipe could be annealed or normalized afterwards, the abrupt change in section at 


the weld could in the writer’s opinion, be avoided, by adding a smooth radius fillet and ‘* washing” 
it on the pipe. 
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The same effect would be encountered in Fig. 44 at the flange ends of the pipes, and also in 
both the methods at right hand side in Fig. 45. 


In Fig. 30, the method proposed in the lower sketch, viz., to groove the thick end plate and weld 
only on the outside, is in the writer’s opinion liable to lead to trouble sooner or later. The sharp notch 
is likely to develop into a crack and it would be impossible to examine the weld from inside the receiver 
or pressure vessel. 


It is considered advisable in the case of pressure vessels that the electric welding should be capable 
of inspection from inside as well as outside, and that the weld should extend the whole thickness of the 
end plate, which could be thinned away where considered necessary. 


As alternatives, the methods shown on Sketches A and B, Fig. 6, are submitted for the author's 
comments. 


Much interesting and invaluable information has been given by the author in connection with 
inethods of inspection of welded structure. 


The magnetic methods appear to offer a wide field and would no doubt entail much less expensive 
apparatus than X-ray methods. Is it practicable to employ the iron powder method on vertical surfaces, 
or must the parts to be tested lie horizontally or nearly so? The method described on page 34, section 3, 
paragraph 3, i.e., method (a), could no doubt be fairly easily applied in testing a solid forged or semi- 
built crank shaft for suspected flaws or cracks at the fillets. Would the author explain what is a 
convenient method of applying a magnetic flux in such a test with the crank shaft in place in its 
bearings ? 


No doubt the iron powder method (a), described briefly by the author, is the same as that reported 
in the Journal of Commerce on August 4th, 1932, as follows, under the heading “ Detecting Invisible 
Cracks.” 


“ Prof. F.C. Lea, of Shettield University. d2monstrated before engineering teachers at Merton 
College, Oxford, an ingenious method of detecting otherwise invisible cracks in iron or steel. 


A piece of tool steel that had been overheated and quenched, and then highly polished, was 
shown. 


The lecturer produced a bottle of paraffin containing fine iron filings and, first shaking 
vigorously, poured a little of the mixture on the polished surface. 

Immediately an unmistakable hair-line appeared, which turned out to be a deep cooling crack 
in the metal. 


Method explained. 


On suspicion of a minute crack which cannot be seen by the naked eye, or indeed by a 
microscope unless one knows exactly where to look, the specimen is magnetized, and then, when 
the prepared surface is flooded by the mixture of paraffin and iron filings, the filings in suspension 


are attracted by the air gap caused by the crack, and bridge the chasm in their accustomed 
manner. 


The result is a distinct black line on a bright mirror-like surface, showing the extent and 
direction of the hidden crack.” 
Perhaps Mr. Pemberton will explain a simple method of magnetizing the subject under test for flaws. 
Would it be sufficient to hammer the end or ends of the specimen, or is it necessary to apply an electric 
current through the piece ? 


At present the method adopted is to dry and clean the suspected fillet or crank pin, rub it over 
with dry chalk, then turn the shaft one or more turns, and observe the oil oozing out of the hair line 
fracture. This method has proved quite effective, but it might be well to know if the iron powder 
magnetic flux test could also be conveniently applied. 


The author has earned the thanks of the Staff Association for the splendid exposition he has given 


us, and is to be heartily congratulated on the manner he has taken advantage of the opportunities 
afforded him both on the practical and research sides of welding. 
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H. McCririck. 


Mr. Pemberton has placed before the Staff Association an excellent and comprehensive paper on all 
methods of welding. He has covered the field so completely that I am sure many will look on the 
paper as a pocket encyclopaedia of welding. 


While as surveyors we are expected to know the main features involved in the science of welding. 
progress in welding technique has been so rapid during the last ten years that nothing short of a special 
study of the subject is necessary in order that one may be fuily aware of the dangers underlying 
inefficient workmanship, which in many cases can be accounted for by the employment of partly trained 
welders on important work, by firms which have no proper facilities for carrying out tests and expect the 
welder to be a sort of handy man about a boiler or pipe shop. 


Welding has now reached the stage when we should exercise some control over welding plant for 
carrying out work which will have to withstand high stresses. The difficulty lies in deciding where to 
draw the line in this respect, and up to what working pressure the average small manufacturer should 
be allowed to go in welding pipes, etc., without first having to satisfy the surveyor by means of welding 
tests that they are efficient and acceptable welders. 


Would the author state what tests he thinks should be carried out by, say, a firm of general 
engineers who have decided to manufacture small auxiliary engine bedplates and crank cases by welding 
steel plates together, and what special precautions he considers should be taken regarding design of these 
fabricated engine parts: whether annealing should be carried out in the case of the usual box section 
hedplate and what is considered to be a suitable annealing temperature. 


On page 25 of the paper mention is made regarding the best form of butt joint, and the author 
draws attention to the question of chiselling out the underside of the V before proceeding to lay the 
final run of weld metal. This is really an important point, which is very often disregarded by welders 
who consider that a wire brushing along the under-ide of the weld is sufficient. In several weld test 
pieces which I have seen broken, a distinct black line could be seen along the underside where slag had 
not been removed by chiselling out, and this may have accounted for the poor results obtained in the 
tensile tests. 


REPLY BY THE AUTHOR. 


Inrropucrory.—So much time has elapsed since this paper was presented that the reply to the 
discussion could quite easily comprise a further paper on the subject of welding. There have, however, 
been so many interesting points raised by various contributors that it has been thought necessary to 
confine these remarks within the limits of the discussion. 


It is proposed to make one digression, and that is with reference to the Welding Symposium 
organised by the Iron and Steel Institute in May this year. This remarkable series of meetings, attended 
by representatives of all branches of the welding industry from all parts of the world, is probably the 
most important event in the history of welding development to date. It is anticipated that as the result 
of the Symposium, research work will be unified and co-ordinated, to the ultimate good of the whole 
industry. It is of interest to note that Dr. Dorey, the Society’s Chief Engineer Surveyor, not only 
contributed a paper to the Symposium, but acted as “ Reporter” for a group of about 40 papers dealing 
with welding as applied to shipbuilding, bridge and structural engineering, railways and pressure vessels. 
Dr. Dorey also served on the Organising Committee of the Symposium. 


The writer was privileged to attend all the meetings, and has read most of the 140 papers which 
were presented. It is recognised that many members of this Association will have neither the time nor 
the inclination to wade through 140 papers, and all the discussion pertaining thereto. Several of the 
papers are, however, of such special interest that the writer feels that many will appreciate having their 
attention drawn to them. Papers which are not mentioned in the following short list are not omitted 
because of any lack of apparent merit, but because they are necessarily of greater interest to those 
concerned in the special spheres of industry to which they refer, than to the members of this 
Association. 


GROUP 1 (@). 
“Electric Are Welding in Shipbuilding,” by Adam, Hunter, Ralston, Russell and Townshend. 
“Welding in the Shipbuilding Industry,” by Strelow. 
“Ship Welding Developments,” by Moore. 
“The Welding Research Programme of the Steel Structures Research Committee of the Department 
of Scientific and Industrial Research,” by Gough. 
“The Welding of Boiler Drums and other Pressure Vessels,” by Davy. 


GRouP 1 (0). 
“ Welding in Marine Engine Frames,” by Stevens. 
“The Electric Welding of Chain by the Low Voltage Process,” by Holden. 
“ Application of Electric Welding in the Fabrication of Plant and Machinery,” by Dorat. 
* Automatic Welding,” by Carpenter and Guest. 


GROUP 2. 

“Notes on the Welding Practice in British Warships,” by the Director of Naval Construction. 

“Welding Practice and Technique Employed in the Construction of Deep Sea Trawlers,” by 
Townshend. 

“The Low Temperature Annealing of Welded Mild Steel Structures to Relieve Internal Stress,” 
by Benson and Allison. 

“Welding Practice and Methods of Avoiding Distortion in Welded Structures,” by Dorrat. 

“Methods of Ensuring Satisfactory Electric Welding,” by Shepherd and Carpenter. 

* Oxy-Acetylene Welding Practice and Technique,” by Bainbridge. 


GROUP 38. 
“The Fusion Welding of Stainless lrons and Steels,” by Moritz. 
“The Welding of Special Steels,” by Hatfield. 
“Various Mild Steel Electrodes and their Characteristics—Some Practical Aspects,” by Helin and 
Svantesson. 
* Metallurgy of the Welding Hiectrodes in the Arc,” by Lincoin. 
“The Nature of Fluxes and their Effect on Weld Metal,” by Shepherd and Moritz. 
“The Metallurgy of Low Carbon Metallic Are Weld Metals,” by Hodge. 


GRouP 4. 
“ Fatigue Strength of Butt Welds,” by Haigh. 
“Tnspection and Testing Procedure—With Special Reference to Welded Pressure Vessels and Engine 
Entablatures,” by Dorey. 
* Fatigue Tests and Non-destructive Tests on Welds,” by Hankins. 
* Experimental Welding and Stress Measurement in Connection with Ship Construction,” by Shaw. 
* The X-ray Examination of Welds,” by Stephen. 


REPLY TO DISCUSSION. 

Mr. W. Thomson spoke a few kindly words in defence of the bare wire electrode, and there will be 
no disagreement with his remarks. It is foolish to pretend that the bare wire electrode has no sphere of 
usefulness in welding. With a pure mild steel wire, using the correct current values and as short an arc 
as possible, quite sound, but non-ductile welds can be obtained. It should be understood that the reason 
why bare electrodes are unsuitable for the welding of stressed parts is that the deposited metal is 
contaminated in the are, and consequently contains nitrides and oxides in such proportions as to render 
the weld metal hard and brittle. Contamination with oxygen also tends to induce porosity. 

Mr. Thomson queries some of the figures relating to the tensile and fatigue properties of weld 
metal deposited with high-class electrodes. The writer can only assure Mr. Thomson that the test 
results quoted are authentic and not experimental; indeed, they are not unusual in pressure vessel work. 
In regard to the alternating fatigue test, + 94 tons per sq. in. was obtained after two million reversals. 
Even better results have since been obtained. 
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With reference to X-ray examination, Mr. Thomson must have misread the writer's remarks on the 
subject, as there was no intention to decry such a valuable method of non-destructive testing. It is 
important that the limitations of radiography shouid be understood, and the correct interpretation of 
X-ray photographs is of inestimable value in pressure vessel work. Radiography is a routine test for 
Class 1 pressure vessels under the Society’s Tentative Requirements for Fusion Welded Pressure Vessels, and 
the writer, together with Mr. H.Sutherst of the Glasgow office, has had considerable experience in the interpre- 
tation of X-ray photographs. It is thought that Mr. Thomson will agree that interpretation is not just a 
matter of looking at shadows on an X-ray film. The significance of the shadows depends upon a number 
of important factors in radiographic technique, a knowledge of which is essential for correct interpretation. 

The writer desires to thank Dr. Dorey for his encouraging remarks. The doctor’s reference to 
non-destructive testing methods was of considerable interest. Magnetographic examination has been 
successfully applied to water-gas lap-welded seams in Germany, and in view of the progress which has 
recently been made in this country it is not improbable that this method of non-destructive testing may 
ultimately prove suitable for appiication to butt welded seams in fusion welded pressure vessels. At the 
same time, as Dr. Dorey points out, engineering radiography has already reached the stage where it can 
readily be applied for the purpose of routine testing. 

Mr. Lockney has raised a number of important points which are of practical interest. 


In regard to forge welding the best tensile results are usually obtained from specimens prepared 
from comparatively thin plates welded by the water-gas process. Specimens above § in. thick give fairly 
consistent results for what might be called high class forge welding. The ultimate tensile strength, 
at atmospheric temperature, is from 95 to 100 per cent of that obtained in the parent plate, whilst 
the elongation is between 60 and 65 per cent. The following table is representative of recent tests carried 
out on high class water-gas welded specimens cut from the longitudinal and circumferential seams 
of pressure vessels :— 


| | 
Firsv SERIES. | SECOND SERIES. 
y.P. | ws. | Elonga- | Bend y.P. | UTS. | Elonga- | Bend 
Tons per | Tons per | tionon Test | Tons per | Tons per tionon | Test 
sq. in. sq. in. 8in. | Angle. sq.in. | sq. in. 8 in. | Angle. 
| 
aS ee, =p ieee an " a7 aig _ 3, acy ae x | Ta *] aay 
| | || | 
lake ea be BO. (1s Bine | bee 180° || 19-4 27-4 82% 180° 
| | || 
goilt a = Sud plete | oe ee Seek Se eee -| se acts 
| 5 
Across Circumfer- | re ee || aoe 88° : br nae 50° 
ential Weld ...| 1% | oni 143% | 64° aa mk 159% | 99° 
; SS | - ———— | — |- == a3 ae Sie 
| 
Across Longitudinal 3 | oa heated ao 10 : 
194 254° |" 12°67 coo lt 1&8 267 22°67" || 160 
Weld ... ioe See aclioe | (3 
| | | 


i } 


Figs. 8 and 9 are photomicrographs of water-gas lap welds, and in all cases the line of the weld is 
clearly discernible. Fig. 10 is a typical photomicrograph taken in way of one of these welds and shows 
a region of imperfect fusion as indicated by a distinct line of oxide inclusions. Fig. 11 shows a water-gas 
weld in which perfect fusion has been obtained. 

In regard to the maximum thickness of joint which it is possible to obtain by the water-gas welding 
process, the figure 14 ins. refers to both longitudinal and circumferential seams. The writer is aware that 
greater thicknesses than this have been welded successfully; indeed, on the Continent it is possible 
to obtain water-gas welded boiler drums of 2} and 24ins. thickness, but test results do not indicate 
any degree of certainty in the consistency of quality in welds of these thicknesses. Circumferential 
welds are always somewhat doubtful when the diameter of the drum exceeds 48 ins. For small diameters 
there is no difficulty in the welding of circumferential seams. 
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Mr. Lockney’s remarks on oxy-acetylene welding are noted. There can be no doubt that until 
recentiy the oxy-acetylene process was more reliable than electric are welding, but such advances have 
been made both in the manufacture of electrodes and in welding apparatus, that Mr. Lockney’s comment 
is now a matter of historical interest only. In regard to the removal of rivets, it will be appreciated that 
this is usually necessary for the following reasons :-— 

(1) Oxy-acetylene Welding. The extent of the heat zone is likely to disturb the riveting ; 
that is to say, the rivets become slack and the plates distort. 

(2) Electric Metallic Are Welding. The rivets should be removed so as to allow the plates 
freedom to accommodate weld metal shrinkage. It is undesirable to make a weld between rigidly 
restrained plates because of the possibility of high residual stress in the weld, which might 
ultimately lead to failure. In this connection, the shrinkage coefficient for modern ductile 
covered electrodes is higher than for the old type of bare electrode which solidified almost as 
rapidly as it was deposited. 

With reference to Fig. 45 showing methods of attaching dished ends, Mr. Lockney expresses surprise 
at the variety of methods illustrated, and proceeds to draw quite unjustifiable inferences therefrom. 
The writer cannot agree to describe himself as an “advocate of welding.” It is a fact that the more one 
sees of welding the more cautious does one become. If one sees a lot of welding, then one sees a lot of bad 
welding. Obviously the method selected for the attachment of dished ends must depend upon the quality 
to be expected in the weld. Where the security of a dished end does not depend entirely upon welding, 
then the quality of the weld need not be so high as that required for security by welding alone. 

There are several reasons for welding a butt joint from both sides, but, mainly, it is in order to ensure 
complete penetration of good weld metal throughout the full thickness of the joint. 

It is possible to obtain this penetration from one side only in any thickness of plate, so long as the 
welding operator is able to get at the root of the weld with his electrode. The first ran of weld metal at 
the root of a weld is open to three criticisms :— 

(1) It is Hable to contain entrapped slag. 
(2) It is hable to be porous and brittle, due to atmospheric contamination from the underside. 

(3) It is liable to crack, especially if it is deposited between thick plates. 

For these reasons it is customary, in high class work, to cut out the first run when the outside 
welding is complete and weld up on the inside. See Fig. 27a. 


1 
2 


Mr. Lockney’s remarks on the hydraulic and hammer test are interesting. The practice of 
hammering a joint under a hydraulic test of one-and-a-half times the working pressure, plus 50 Ibs., is not 
considered to be too severe, so long as the hammer is used in a reasonable manner. The choice of 
hammer will depend upon the size and thickness of the vessel under test. The American practice is to 
use a hammer, the weight of which in pounds is approximately equal to the thickness of the shell in tenths 
of an inch, but not exceeding 10 lbs. Following the hammer test, which is carried out ata hydraulic 
pressure equal to one-and-a-half times the working pressure, the pressure is raised to twice the working 
pressure, and held for a sufficient length of time to enable a thorough inspection to be made of all joints 
and connections. 


In reply to Mr. D, Gemmell’s query regarding the fin left on the inside of a tube after welding by 
the flash resistance process, it should be explained that the formation of this fin is an essential feature in 
the welding process. The abutting edges of the tubes are burnt away until they are even, and the oxide 
formed during the “flashing” period is carried clear of the weld by the formation of a fin, the size 
of which is closely related to the thickness of the tube. 

A common method of removing the internal fin is by means of a mechanically operated revolying 


cutter. If it is desired to make a resistance butt weld without the formation of a fin. then the “upset” 
method must be employed, as described in the Paper. 


With reference to the unusual failure of a coi! which had previonsly passed a test of 3,000 lbs. 
per sq. in., despite the fact that one of the butt joints had obviously not been welded, the only suggestion 
which can be made is that the coil was compressed or restrained in such a manner as to hold the two 
portions in hard contact. No doubt this particular joint escaped attention when the light hammer 
was applied, 
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REPLY TO CORRESPONDENCE. 

Mr. Brooke Smith has enhanced the value of this Paper with his interesting contribution. The 
author is not in complete agreement with some of the points made by Mr. Brooke Smith, but as these 
are matters of opinion, rather than matters of fact, it is not thought that further discussion on such 
points would be helpful to the other members of this Association. 


Mr. Brooke Smith views the tendency towards the use of large electrodes with obvious disfavour, 
and if the general standard of ability amongst the welders on the north-east coast is as low as he infers, 
then his disfavour is certainly justified. Certain manufacturers in this country are to-day using 
electrodes of } in. diameter for hand welding in certain classes of work. 

One firm makes butt welds between plates 1 in. thick without chamfering the plate edges. This is 
done in two runs of weld metal only, one on the outside and one on the inside. Whilst tnis method 
is not at the moment suitable for high class pressure vessels, the author has examined a number of 
specimens which have been tested, and found complete fusion of the parent plate and remirkably good 
ductility. There can be no doubt as to the direction in which the future of electric metallic are welding 
lies, and the subject of large electrodes is now being thoroughly investigated. 


The question of removing rivets in repair work has already been dealt with in the reply given to 
Mr. Lockney. 

The writer will not split hairs with Mr. Brooke Smith regarding the definition of “ductility.” 
Obviously the reference to this subject, on page 37, related to the ductility of metals, a physical property 
which is vitally affected by “metatlurgical condition.” 

Mr. Brooke Smith’s description of the tests carried out on welded pipe flanges is of very great 
interest. The advantage of two runs of weld metal instead of one is simply that of obtaining the 
annealing effect of the second run upon the first. See Figs 40 and 43. 


Mr. Stocks has made a well reasoned contribution, which puts the problems of ‘‘ship welding” in a 
nutshell, He refers to the difficulties of “site” welding, viz., inclement weather, precarious staging, and 
restricted attitudes. He also expresses the opinion that lap joints with fillet welds must ultimately 
prove to be more suitable in joining ships’ plates than hutt welds. 


All this is very true and very practical, having regard to the present layout and organisation of the 
shipyards; but it is a mistaken outlook, because it presupposes merely the substitution of weld metal for 
rivets. So long as shipbuilders and engineers retain a “riveting complex” there can be no real 
development in the application of the welding art in those industries. 

Ship construction methods must be devised so that they lend themselves to welding. Site welding 
must be reduced to a minimum, so that full advantage may be taken of preconstruction carried out in 
properly equipped welding shops. 

Site welds may, with advantage, be lap joints, but the welds made in the shops should, so far as 
possible, be of the butt joint type. The difficulties in the way of revolutionising shipyard practice are well 
recognised, and, indeed, there is as yet little evidence of any real need for the wholesale adoption of 
welding in ship construction. The present position is, that where it can be shown that without any 
special inconvenience welding can be employed in order to effect economy or greater efficiency, then the 
shipbuilder is inclined to adopt it. 

It is, however, an unfortunate fact, that in order to make the best use of welding, a tremendous 
amount of inconvenience would be involved under present shipyard conditions, and that is the real barrier 
to future progress. 

There has been greater progress made in constructional welding on the Continent than in this country, 
where no real attempt has yet been made to ‘design for welding.” Examination of structural welds 
made in this country either on ships or on buildings, will reveal the clumsiest types of connections, 
obviously inspired by people with a very strong “ riveting complex.” 

Mr. ‘Thomson has stated that he did not think we required any new types of rolled sections for 
welding. This attitude places the welding designer at an immediate disadvantage, and he is forced into 
the false position, which requires him to adapt for welding sections which are primarily intended for 
riveting. It might be true to say that we have no use for welding in structural engineering if we have to 
produce special sections in order to make best use of it. 


The aim in design should be to employ butt welds as far as possible, and it is believed that with the 
rolled sections now available, plus two or three simple new sections which are not available, this aim could 
be achieved. 


An example of a special rolled section which is used in structural work in Germany, is illustrated in 


Fig. 7. 
It will be noted that with this section joists can be built up by means of butt welds instead of fillets. 


Mr. Stocks has drawn attention to the cumulative shrinkage effect in ship welding, and it would 
appear that the only means for obviating this serious disadvantage is by careful design, careful preparation 
of the joints, and the deposition of the minimum amount of weld metal consistent with strength. 


There is very little useful information available regarding residual stress. A number of 
investigations have been carried out, and some were described in the Welding Symposium. Most of the 
testing methods which have been adopted for the purpose of determining the magnitude of residual stress, 
are of such a nature as to render the results obtained extremely doubtful. 


The writer is of opinion that, in a multi-layer butt weld, the residual stress varies from a minimum 
at the root of the weld to a maximum at the upper surface. Tests are at present being carried out which 
may establish the truth of this statement. It is safe to say that at present it is quite impossible to 
estimate accurately the magnitude of the residual stress in any welded joint, but considerable research 
work is being directed to this problem, and it is hoped that in due course some authoritative data 
will be available. 


The author wishes to thank Mr. Akester for his contribution to the discussion. It is well known 
that Mr. Akester has had considerable experience in shipyard welding and his comments are of 
special interest. 


It will be noted that Mr. Akester confirms the author's opinion regarding butt welding. 


In regard to the time taken in cleaning each run of weld metal, the author was referring to Class 1 
pressure vessel work, when he stated that the cleaning operation takes longer than the actual welding. 
Mr. Akester can rest assured that in this respect, the statement is no exaggeration. 

tole 


Mr. Sdrowok criticises the U form of joint, both from the point of view of welding and X-ray 
examination. It is quite true that with this form of joint, special care is required of the welding 
operator, both in welding and in cleaning. For high class work however, it is desirable to restrict the 
amount of deposited weld metal to a minimum, further, in the author’s opinion, the maximum residual 
stress occurs at the upper surface of a weld, and this stress is aggravated with a V form of joint. 
Mr. Sdrowok may be assured that there is no great difficulty in obtaining penetration on the vertical wall 
using an electrode which will permit of a sufficiently high amperage. Indeed, the danger lies in obtaining 
excessive penetration and forming an undercut at each side of a run, which is not completely filled by the 
succeeding run. 


The author cannot agree with Mr. Sdrowok’s remarks on the application of X-rays to the U type of 
joint. The fact that the walls of the U joint are parallel with the direction of the X-rays is one of the 
advantages of this type of joint. It is the depth of a defect which is important and this is indicated by 
the density of the shadow. A serious defect at the wall of the joint will be more easily revealed if the 
wall is in line with the rays—not at an angle to them as in the V joint. 


Stereoscopic X-ray examination as a routine test of welded joints in pressure vessels is quite 
unnecessary. The author has had considerable experience in X-ray examination of high class pressure 
vessels, and can say quite definitely that by proper interpretation of radiographs obtained with two 
exposures taken at an angle on each side of a welded seam a serious defect is unlikely to escape detection. 
Experience enables one to deduce from the shape and definition of a particular shadow whether it is 
produced by one defect or by a number of defects situated in the same line in relation to the direction 
of the rays. 


Radiography is an expensive item in routine testing and stereoscopic technique is an unnecessary 
refinement in the ordinary course of X-ray examination of comparatively thin material. Stereoscopic 
radiography has, however, been found useful for plate thicknesses of 35 ins. and 4 ins. In these cases it 
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is desirable to ascertain fairly accurately whether a defect is at the top, in the middle, or at the bottom 
of a weld. Obviously, if the defect is to be cut out, the manufacturer will not want to dig his way down 
from the top, if the defect is situated at the bottom. 


No special apparatus is necessary for stereoscopic radiography, the technique is simple and the 
method for determining the position of a defect requires no more than a knowledge of simple geometry. 


In reply to the question raised by Mr. Sdrowok regarding the straightening of test plates, it is 
desired to point out that the test plates are intended to be truly representative of the welded seam, 
therefore, in the first place they should be restrained sufficiently to prevent distortion. If, however, they 
do happen to distort then they should be straightened cold, before being subjected to the same heat 
treatment as given to the actual joint which they are intended to represent. 


Mr. Sutherst’s contribution is very welcome indeed. His concise description of the manufacture of 
a welded boiler drum will prove to be of special interest, but, in his natural modesty, he omits all 
reference to the important functions of the surveyor responsible for the survey of such pressure vessels. 
Mr. Sutherst has had a good deal of experience in this class of work, and it is of interest to record that, 
on the advice of Dr. Dorey, the Committee recently provided for Mr. Sutherst and the author to receive 
a Cay course of training in engineering radiology at the hands of an eminent authority on this 
subject. 


Mr. A. Watt has raised the question of branch attachments for pressure vessels, and criticises the 
methods illustrated in Fig. 29 because of the possibility of a “notch” effect at the edges of the fillet 
welds. It should be explained, however, that the illustration of the welds was intended to be symbolic 
rather tuan representative of the actual contour, and the author agrees entirely that fillet welds should 
be “washed” into the surfaces of the parts joined together, care being taken to ensure that the throat 
area is adequate to withstand the stresses imposed. 


Figs. 29, 30, 44 and 45 represent actual practice, and the methods shown have on various occasions 
been approved by the Society. It must, however, be stated that all the methods illustrated are not 
equally suitable for all pressure vessels ; for example, the lower right hand sketch, Fig. 80, would not be 
acceptable for an unstayed flat end plate. 


It is agreed (and has been pointed out in the paper) that the welding of pressure vessels should be 
carried out from both sides of the plate, in order to ensure complete penetration of good weld metal 
throughout the full thickness. In this connection the first run of weld metal deposited at the bottom 
of a butt joint is contaminated by the atmosphere from the underside, and is liable to contain an excess 
of oxides and nitrides, and is often porous. It is advisable, therefore, to cut it out from the inside and 
weid up as indicated in Fig. 27a. This is the practice in the case of high class pressure vessels. 

It is also desirable that facilities should be provided for subsequent internal examination of the 
welded pressure vessel. Unfortunately this is not always possible, and it sometimes happens in the case 
of important pressure vessels (such as the Loeffler and Velox boilers) that it is quite impossible either to 
weld or inspect from the inside. Special consideration has to be given to such cases in order to provide 
satisfactory safeguards. 

The sketches submitted by Mr. Watt showing methods of securing branches, dished and flat nd 
plates are considered to be quite satisfactory, and may be regarded as additive to those illustrated in the 
paper, with the exception of Fig. B 1, which indicates the outer fillet weld piaced right on the knuckle 
of the flange of the dished end plate. The shell plate should be turned in and carried well round the 
curved portion of the flange, and the weld made clear of the knuckle. 


In regard to the welding of flat end plates it is desired to stress the importance of restricting the 
amount of deposited weld metal to a minimum. The author’s experience is that considerable distortion 
takes place in a flat end plate if the weld metal is excessive. Alternatively, if distortion does not occur, 
the contraction stresses are likely to be serious. This comment is particularly applicable to the author’s 
lower right hand sketch, Fig. 80, and to Mr. Watt’s sketches, B 4 and B 6. 

Mr. Watt has raised the question of magnetic testing, with special reference to crank shafts. It is 
well known that patent magnetic crack detectors are available for the testing of small engine parts and 
castings. A considerable amount of research work has recently been carried out in connexion with 
magnetic methods for detecting voids and cracks in welded joints. One well-known firm on the Continent 


employs a magnetic method in the ordinary course of routine testing of welded pressure vessels. Their 
method is, at the moment, the subject of official investigation by the Society. It is not improbable that 
magnetic testing will ultimately prove more suitable than X-rays for routine testing purposes. A great 
disadvantage of X-rays applied in a workshop, is that it reveals both too little, and too much. Many of 
the objectionable looking shadows on a radiograph are caused by defects which are of negligible importance. 


On the other hand, it is quite possible for a fine crack to be present in a weld, but remain unrevealed, 
in an X-ray photograph. 


With reference to the application of magnetic methods of crack detection to crank shafts and other 
forgings and castings, it might be possible to avoid the expense of buying special apparatus by constructing 
a simple magnet having an adjustable gap between the pole ends, so that articles of various lengths which 
require testing can be fitted between them, thereby completing the magnetic circuit. 


It is important that the flux density produced in the article under test should be sufficient to ensure 
that the magnetic lines of force will be diverted with sufficient intensity at the surface, in way of a crack 
or discontinuity. At the same time, if the flux density is too great, then the external magnetism will be 
of such an order that the lines which are deflected by a crack will be crowded out. 


The difficulty, therefore, is to produce a flux density below the saturation point, but high enough to 
be effective. So far as can be seen, this could only be done in large sections by making sure that the 
magnet itself is completely saturated. In practice it would be impossible, without employing powerful 
electrical devices, to obtain saturation in an article like a crank shaft of, say, about 10 ins. diameter. 


The main feature about patent magnetic crack detectors is the provision for control of intensity of 
magnetisation. Means are also provided to reverse the direction of the lines of magnetic force, thus 
serving to demagnetise the article after testing. It would, of course, be highly undesirable to leave 
residual magnetism in an article such as a crank pin or journal. 


Since writing the above, the author has been informed by Mr. Watt, that it is possible, in special 
cases, to employ apparatus and personel from an important firm which has had a great deal of experience 
in magnetic testing. The author is of opinion that in special cases it may be wise to incur the expense 
of employing such apparatus and necessary personel. The real value of magnetic testing, however, could 
only be realised if it were possible to employ it as a routine test on new forgings and existing crank- 
shafts, etc. That is to say, to use this method, not asa means of confirming one’s suspicions of flaws, 
but rather to find the flaws in the first place. 


The method is specially applicable to small engine parts and such things as railway axles, but there 
is at present a very definite commercial limitation in its application to large forgings and castings ; 
further, the detection of sub-surface cracks and cavities is a considerable gamble, for this reason it cannot 
yet be regarded as a suitable method for examining important welded joints. 


Mr. Me Cririck flatters the Paper by calling it an encyclopedia. In reading it over the author was 
struck by the fact that, having said so much he had really said so little. The author is assured, 
however, that there was a real need for a summary of the present state of knowledge on this subject, and 
as such the Paper may prove useful. 


Mr. Me Cririck refers to small firms which undertake the welding of pipes and pressure vessels. The 
classification of pressure vessels is a difficult question, and, no doubt, there are many types of pressure 
vessels and containers which can be fabricated without difficulty by small general engineers, and which 
do not require any high standard of welded joint. On the other hand, there are many types of pressure 
vessels, some small, with circumferential seams only, some large, with longitudinal seams in addition, all 
of which have to be made under survey, but which are not considered sufficiently important to require 
routine physical tests, such as are specified for Class 2 pressure vessels in the Tentative Requirements. 
In these cases a surveyor has no option but to use his own discretion. He has to be satisfied. and, 
presumably, he will take what he considers reasonable steps in order to ensure his own satisfaction 
regarding the quality of workmanship which he is called upon to approve. 

He may call for the welding up of sample test plates by the welder, on the spot, or, in the case of 
longitudinal seams, he may require the welding of a test plate attached to one end of the seam. In either 
case, the best simple tests are the bend and the “nicked bend.” The only testing apparatus required 
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being a hack saw, hammer and vice. ‘The bend test will provide the evidence regarding ductility, and 
the nicked bend will reveal the structure and homogeneity of the weld metal deposited in the joint. In 
addition, a careful inspection of the actual welding work, and a final hydraulic and hammer test will, it is 
thought, suflice to satisfy the surveyor in such cases. 

For classed pressure vessels, a systematic testing procedure is necessary, and the severity of the test 
requirements should, of course, be graded according to the class. The Tentative Requirements, at the 
moment, legislate for two classes only, but experience indicates that it will be necessary to introduce 
further classes at an early date. 

In regard to small engine bedplates and crank cases, the surveyor is often in the same position as 
already discussed in connexion with small pressure vessels. It is suggested that during the process of 
fabrication, the surveyor might occasionally ask for a sample weld to be made, and select as his test piece 
a typical form of structural connection used in the construction of the bedplate. This sample could then 
be subjected to some form of deformation test which would indicate the structural efficiency of the weld, 
and, when broken, the degree of penetration obtained in, say fillets, and the homogeneity of the deposited 
weld metal. 

These are practical shop tests, producing no figures, but which serve to satisfy a practical mind 
Which will naturally be guided by experience. 

Then, it might be asked, what happens if the surveyor does not feel satisfied. Supposing, for 
instance, his practical deformation test indicates brittleness or poor workmanship, 

In the latter case the remedy is obyious, andin the former, the surveyor would be perfectly justified 
in calling on the firm to carry out accurate tests to show that the welds made in important parts of the 
structure are satisfactory as regards ductility and tensile strength. 

Mr. Mc Cririck will note that Design has been dealt with on page 20 e/ seg in this Paper. 

The author is of opinion that a stress relieving heat treatment should be given to all welded 
structures whenever this is possible. He is, of course, aware that in many cases such treatment is quite out 
of the question, and recommends that, in these circumstances, all the major welds should be made with 
multi runs of weld metal, using small gauge electrodes. In cases where it is found possible to carry out 
heat treatment, a temperature of between 550°C. and 600°C, will usually be sufficiently effective 
for mild steel structures. 
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MARINE ENGINES FROM A SUPERINTENDENT 
ENGINEER’S POINT OF VIEW. 


By STERRY B. FREEMAN, C.B.E., M.Ena. 
(of Messrs. Alfred Holt & Co.). 


Reap 10TH JANUARY, 1935. 


The invitation to deliver a lecture to the Staff Association was a compliment which I very much 
appreciated. When I asked what line I should follow, Dr. Dorey suggested that a general survey of the 
considerations that govern the shipowners’ choice of machinery and of the running conditions in a mixed 
fleet of ships, rather than the detailed discussion of some particular technical point, would be acceptable. 

I have, therefore, put together some items which may appear only slightly related to each other, but 
all of which are of mutual interest to you in your work as surveyors and to superintendent engineers. 

From the economic standpoint, the provision of machinery in a ship is a regrettable necessity. It 
occupies valuable space, usually in the most commodious part of the ship, machinery casings interfere with 
the deck spaces and, generally speaking, the less room the engine and its fuel occupy the better for the 
economic return. The superintendent has to restrict the space which the machinery occupies, both in 
length and height, and also cut down the weight as far as may be prune always remembering that 
transport of cargo is provided for the convenience of shippers, not for the edification of engineers. Every 
refinement introduced into the engines has to be paid for, both on its installation and for its maintenance ; 
the provision of stand-by and emergency plint has also to be carefully considered, and it may be necessary 
to do without many tempting details, which cost as much as though they were part of the essential 
running outfit and need upkeep expenditure too. As a rule the plainer the machinery, the greater the 
accessibility for overhaul and repair, which helps to reduce the cost of upkeep. It is a notable point that, 
assuming the right type of machinery has been selected to suit the conditions, sound design has a great 
effect upon the cost of running, for it is not mistakes in fundamental principles that lead to expeusive 
renewals and repairs, but errors in detail. 

Since we must have machinery, however much we may restrict its infringement on the cargo space, 
it must be ready at any time to face the worst that nature can do in the matter of weather. ‘lhe soul of 
the sailing ship was in her sails, but the soul of the modern floating hotel or warehouse is in the engine 
room, and from the superintendent’s point of view the interests and duties of the surveyor and his own 
are identical, in that the first requirement of any marine equipment is safety. ‘The cardinal virtue in a 
marine engine is reliability. The three factors ensuring this quality are sound design, material and 
workmanship, and the superintendent envisaging the building of new marime engine-, or ke ping old 
engines running in serv.ce, has to learn and apply all he can of good practice in these three essentials to 
ensure freedom from trouble. 

One of the easy ways in which the superintendent can obtain reliability is to adopt a twin screw 
design. It is rarely the case that both engines will fail at the same time. Considerations of space aud 
weight and of additional stuff come in and may rule the twin screw out of court. The installation of a 
high pressure and a low pressure turbine, or two oil engines, each driving a pinion shaft on a common 
gear wheel and one line of shafting is a half-way house between the twin and the single screw ship. 
Some long passages have been made on either H.P. or L.P. turbine after the otber section of the turbine 
or its pinion has failed. Both the reerprocating steam engine and the heavy oil engine can of course run 
with less than their full complement of cylinders, and one of our oil engines has come home from Australia 
running perfectly well and steadily, and at full power, with one of its 8 cylinders cut out the whole way. 

In the design of the modern ship, speed has its place. The speed required of the ship has an effect 
on the design of suitable engines, and it is remarkable how rapidly the horse-power required increases 
with the speed. The curve, Fig. 1, shows the displacement tons propelled per 8.H.P. for a range of speeds 
from 11 to 16 knots. As the fuel consumption per 8.H.P. is approximately constant for any engine type 
this curve is also representative of the tons carried per £1 expended on fuel. It will be seen that the 
present trend of high speeds is expensive and is not suitable for the carriage of cargo on which only small 
freights are earned. It is for this reason that many of the high speed cargo vessels make many voyages 
at comparatively low speeds, and only use their full power when required. 
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Fig. 2 shows actual tank results for a motor ship with a maximum service speed of 16 knots. Actual 
voyage performances have been plotted on the same curve and these serve to show how closely the tank 
pis approach the actual performance of the completed vessels and also the rapid advance of power with 
the speed. 

This demand for additional speed and increased economy of operation has led to the employment of 
types of machinery, systems and methods which previously would have been felt unduly risky. At the 
same time, the trend is towards simplicity, so far as the accepted types of turbine and oil engine are 
concerned. The addition to the reciprocating engine of efficient valves and an exhaust turbine cannot 
better the performance of the turbine, and may increase the cost of upkeep. For the highest powers, the 
right choice is still the turbine, working, of course, with superheated steam at high pressure. The 
statistical returns of the Society show the advance the oil engine is making, especially for moderate power 
eur and that oil fuel burnt in the engine or in the furnace is a necessity for the large passenger 
ship. 

From physical considerations it may be possible to prove that 9 or 10 knots is the most economical 
speed to move general cargoes about the world. The higher the speed of the ship the smaller the 
carrying capacity, due to the finer lines of the hull, increased bunker spaces and greater weight of 
machinery. But the shipper wants payment for his goods as early as possible, values may fluctuate while 
the cargo is afloat, the sooner freight is earned the sooner the vessel is released to earn fresh freight, 
possibly at higher rates, running costs go on, wages, victualling and insurance mount up, and, beyond all 
these, there is a satisfaction in “getting on,” which we all recognise. A vessel known to be slow is 
shunned and a faster ship favoured. Passengers are even more swayed by speed. It was predicted, when 
wireless telegraphy came into use at sea, that faster ships would not be found necessary, since one could 
keep in close touch with affairs, the markets, etc., and carry on one’s business as though in an office 
ashore. This has not yet been the cage, as is obvious by the building of recent high speed liners. A 
more significant omen 1s now observed in the scheduling of passages to far parts of the world by air, 
which service, if developed successfully, may lessen the demand for the fast passenger ship. 

The engineer is required, by the pressure of circumstances, to design for more and more power from 
less and less space and weight, so that the higher speed may be obtained from engines which are no 
larger and no heavier, and consume relatively no more fuel. 

There is of course a great difference between the most efficient and economical propelling plant to 
suit the requirements of a fast passenger liner, a cargo liner, a tramp and a coaster. The conditions of an 
Atlantic passenger liner where high powers and absence of noise and vibration are first essentials, where 
there is no great restriction on weight of machinery, where although headroom is restricted, there is ample 
room fore and aft at the bottom of the ship for bunkers and machinery, and where oil is dear but essential 
and coal cheap but impracticable are very different from those obtaining in a cargo liner trading to the 
Far East. Here speed is comparatively low, vibration and noise are not a bugbear, ships load to their full 
capacity both as regards space and deadweight, oil is cheap and coal frequently dear. In addition to the 
differences of atmospheric, engine room and sea temperatures, there are draught limitations, loading 
conditions and weather differences between an Eastern and a Western voyage to be considered. 

The tramp and the coaster as a rule are compelled to adopt the simplest type of machinery as the 
questions of first cost and of personnel come in, but as you know there is a trend in these fields also 
towards the more complicated but more efficient plant. 

As racing men say, “ Horses for courses” and the superintendent falls back on the only safe plan of 
putting down the details on paper and working out the returns on the different proposals possible. 

A few years ago the oil engine would not have been considered as reliable as the steam engine. 
To-day, apart from experimental designs, there is little to choose between the two, although the con- 
servative instincts of some of us cause us to cling to the idea that the old massive, slow running, open 
fronted, main engine supplied with saturated steam from Scotch boilers is the acme of reliability. The 
need for economy in fuel and in space and weight has brought the light, fast running, forced lubricated 
type of engine supplied with superheated steam from water tube boilers to the fore front. The work of 
the turbine designer, the gear cutter and the metallurgist have made this new conception of the marine 
steam engine an equally reliable alternative. As has been pointed out elsewhere, the high thermal and 
overall efficiency of the oil engine has spurred on developments in the steam engine and steam boiler, giving 
the shipowner a wide choice as to his prime mover. 

The steam engine is greatly helped in competition with the oil engine by the recent developments in the 
water tube boiler, which we are all watching with interest. The present position is that the turbines plus 
Johnson boilers, as in “Asturias,” oeeupy no more space than the old four stroke cycle double acting oil engines 
which they replace, develop more power, and are of less weight. In either case the only fuel at present 


practicable is oil. The consumption of oil per S.H.P. hour is, in the case of the turbine installation, 
approximately °6 lbs. per hour, and in the case of the oil engine approximately 4 lbs. per hour. These 
figures may be shaded off to, say, ‘57 and *365 Ibs. in certain cases, but the general consideration remains 
that 50 per cent. more fuel must be carried in the case of the turbine than in the oil engined ship. The 
oil for the oil engine will be more expensive than that for the water tube boilers, and that cost must be 
set against the provision of the necessary bunker space and the possible shutting out of cargo. We are 
now “promised still further developments of the steam producer; the Benson boiler, after prolonged 
trials in “*Uckermark,” is being fitted in more mercantile ships, the Velox boiler promising rates of 
evaporation about five times as great as in present practice, the Loeffler boiler evaporating water by 
superheated steam, and the Sulzer single tube boiler. It would be pleasant and popular if one could 
record that these new steam producers opened up a field for the use of our coal again, but they do not. 
It may be they can utilise powdered coal in some form, but then the question of transport of the 
necessary quantity of bunkers comes in once more, and the other handic aps under which coal labours ; 
space, handling, dust and dirt, ashes, corrosion of bunkers and steel work, delay in bunkering, loss of 
steam while cleaning fires, and so on. 

When considering the oil engine, the possibility of further economies is not so apparent. It has 
been obvious for some years now “that the goal towards which oil engine designers must work from the 
original four stroke cycle single acting engine with blast air injection of fuel, was the two stroke cycle 
double acting engine with airless injection “of fuel and the exhaust gas boiler. This has now arrived, but 
there has been little alteration in the rate of fuel consumption. There is a tendency to increase the 
maximum pressures, which results in a reduction of fuel consumption. The earlier engines operated at 
about 500 Ibs. per sq. in. maximum pressure, the later airless injection engines at about 850 lbs. per sq. in. 

The general conditions under which the propelling machinery of various types will operate are set 
out below :— 


FUEL VALUES :— Coal. Oil. 
Available heat in fuel, B.Th.U. per lb. ... oe Re oe Ae 15,000 19,000 
Probable average value . Ox Oe os 256 te 12,500 18,000 

Borner Erricrency :— 

Cylindrical boilers, per cent. eis as ae ie 455 Hoe 65-75 77-82 
Water tube boilers, __,, es eed wise noe eae ae 75-80 85-88 

MecuanicaL Erricrency oF ENGINES :— 

Reciprocating steam, per cent. ... : Bee #5 ae dt 90 approximately 
Oil engines, depending upon type, per cent. “Gis ne see ice 72-88 

OVERALL THERMAL EFFICIENCY :— 

Reciprocating engines using saturated steam, per cent. ... Sec ee IL 
Reciprocating engines using superheated steam, per cent. aes re LBs 
Reciprocating engines and exhaust turbines using superheated steam, 

per cent. fac x her er te ies Fi ie 16 
Turbines and gearing working at low pressures and temperatures, per cent. 16 
Turbines and gearing working at high pressures and temperatures and 

using oil-engine-driven generators for auxiliary power, ae (iy Aa 24— 
Oil engines with air injection of fuel, per cent. ... ae sor 35 
Oil engines with airless injection of fuel and high maximum pressure, 

per cent. nee tee eee ome aor Be as ere 40 
Oil engines with waste heat boiler, per cent. 50 ae ae 37 
Oil engines with heat recovery on Still system,* per cent. ae ite 43 


The relative fuel consumption can be obtained from these values. 

It will be evident that in the case of the tramp and the coaster, the comparison will lie between the 
low pressure boiler and steam reciprocating machinery, probably using saturated steam, and the simpler 
forms of single acting oil engines, plus waste heat boiler. The former plant is of much less economy 
than the latest steam engines and boilers, whereas the latter plant will be nearly as economical as the 
latest types of oil engines. 

To obtain a straight comparison of the two types of machinery, steam and oil, 8,000 S.H.P. has 
been taken as a basis. That is a power which can conveniently and economically be dev eloped in either 
a steam or an oil engine. The oil engine of this power would be of the two stroke cycle double acting 
type if built as a single screw unit. 


* See Professor C. J. Hawkes’s Thomas Lowe Gray Lecture. Proc.I.Mech.E., 1928, vol. i. page 6. 


COMPARISON OF RUNNING COSTS OF OIL ENGINES AND HIGH PRESSURE TURBINE MACHINERY 
OF 8,000 S.H.P. 


PROPOSAL. 


Type of Machinery 


Ratio of Machinery Costs| 
Fuel per 8.H.P.-hour tb. 


Fuel per day tons 
Running cost per annum, 
including :— 
Fuel 
Stores | 
Repairs 
Wages 
Victualling 
4 per cent. depre- 
ciation 


| 


Coal-fired we Oil-fired boilers, | Oil-fired boilers, 


twin screw, 
electrical 
auxiliaries. 


110 


£31,700 


OIL ENGINES. HIGH PRESSURE TURBINES. 
—— po = > 
ie as ni A. B. 
4-stroke, single- 2-stroke, double-| 2-stroke, double- 
acting, super- | acting, twin acting, single twin screw, twin screw. 
twin screw. screw. | screw. mechanical 
| stokers. 
| 
123 117 | 3 101 100 
0-40 0-40 0-40 1:00 | O71 
$4°5 34°D | B45 86 | 61 
| 
£29,600 £29,400 £28,600 £36,700 £39,000 
SUMMARY OF COSTS. Ms 2. 3 
A £7,100 £7,300 £8,100 
Saving per annum compared with B £9,400 £9,600 £10,400 
C £2,100 £2,300 £3,100 
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Several builders of steam reciprocating and steam turbine and oil engines have been good enough to 
give me figures for the ratio of cost between the different typ:s of machinery for the same H.P. under 
discussion, and these are tabulated below :— 


COMPARISON OF PRICES FOR VARIOUS TYPES OF PROPELLING MACHINERY 
OF ABOUT 8,000 S.H.P. 


A. B. C. D. RANGE OF PRICES. 
i te | af Mere 
Steam Reciprocating Sa 1-0 | 1-0 | 1-0 10 “985-10 
(985 if W.T.| (twin screw) | 
| boilers) | 
Steam Reciprocating with 113 -- — — | 113 
Bauer Wach Turbines | | 
Geared Turbines ... vee | 1:27-1:33 1142 | “O7 1:35] 1°142-1°33 
(single screw) (‘97 if single screw) 
Turbo Electric... it 1°47 | 1°44 1-06 Ie) 1°4—1°47 
| (single screw) | (1:06 if single screw) 
Oil Engines ae! | 188 fede. tee M47) 133-1-47 
| | (twin screw) | 
Oil Engines, Electric 166 | 1°69 | — 2.ihat 1°66-2°1 
Transmission | | | | 
| 


The above prices refer to the particular types of vessels built by the respective shipbuilders ; it should 
not be assumed that they refer to competitive prices quoted for the same vessels by the various builders. 

Dealing with the items included in the running cost per annum, it will be understood that the cost 
of fuel is not made public by shipowners, but it is safe to say that some such ratio as coal 1, boiler oil 
fuel 1°75, engine oil fuel 2°15 would not be very wide of the mark. 

The cost of repairs in our experience does not vary much between ship and ship, age having more to 
do with the amount of repair than the type of machinery. You surveyors will, I think, bear me out in 
saying that in modern machinery of those types which have been accepted as standard, there is little repair 
to be done beyond the normal renewal of wearing parts. 

Stores include all that is used in the running of the engines except the fuel. Generally, it is the cost 
of the lubricating oil which increases the cost of the stores for the motor vessels. 

The wage bills for the engine room complement for the various types of machinery do not vary much, 
except, of course, for twin and single screw machinery. In motor ships where firemen are not required, 
the saving is wiped out by the cost of the necessary electricians and extra cleaners. 

The cost of victualling is dependent upon the crew carried, and again there is not the difference one 
might expect. 

The depreciation of the machinery and hull is a difficult matter to decide. Some owners build a ship 
to run 25-30 years, whereas others prefer to sell them when only 15 years old. Each case must, therefore, 
be decided on its merits. 

In the above Tables steam reciprocating engines have Scotch boilers working at 220 lbs. per sq. in. 
unless otherwise stated. Geared turbines and turbo electric have water tube boilers working at 400 lbs. 
per sq. in. It will be noticed that there is not so great a difference in the cost of steam turbines and oil 
engines as might be imagined. 

The matter of repairs and renewals is extremely important both from a cost and a reliability point of 
view. 

It is interesting to compare the cost of repairs for the various types of vessels, but rather difficult to 
obtain a good idea of these in a fleet of vessels which is kept up to date. In such fleets, the steam recipro- 
cating engines, steam turbines and motor vessels were generally added at different times, e.g., steam 
reciprocating engines prior to 1922; turbines from 1920 to 1925 and since then oil engines. There are 
sure to be exceptions to this as many firms have distinct preferences for particular types of machinery 
but the above dates give an idea of what happened in many cases. 

It is thus difficult to give correct ideas of the relative costs of upkeep as there may be 10 or more 
years difference in the ages of the types of engines under comparison which makes a big difference in repair 
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bills, Also, the oil engines built in 1924 are liable to be more expensive in upkeep than modern machinery, 
but this is not always so, as the earlier engines were more lightly rated and consequently breakdowns due 
to heat stresses fewer. 

To deal effectively and economically with repairs it is of great value to have reliable and adequate 
records of wear. In addition to the wear down gauges supplied for the turbine main bearings and the 
reciprocating engine crankshaft, records should be kept of the wear down of the tunnel shafting. The 
gauging of the distance between the inner faces of the crank webs as the shaft is revolved in its bearings 
is another useful method of detecting abnormal wear. This method of testing for alignment has been 
found especially useful in the case of crankshafts driving heavy generators with a common main bearing 
for crankshaft and generator on the inner side; a typical set of readings is shown on Fig. 3. Boiler 
defects and cracks and oil engine cylinder head cracks should be noted and any extensions kept under 
observation. It is found that while records of oil engine cylinder liner wear are always taken and studied 
in the case of main propelling units, they are not always so closely kept up in the case of main engine 
steam cylinders and of auxiliary machinery as they should be. ‘Typical records are shown in Figs. 4, 5 
and 6. 

In the case of turbine ships, such details as blade clearances, bridge gauge readings of rotors, pinions 
and gear wheel shafts are of real importance. Typical record sheets for these are shown in Figs. 7 and 8. 

Records of propeller and propeller shaft damage are most necessary and it is surprising to find the 
amount of small damage to propellers that takes place. Such records show that in a fleet of 80 ships 207 
accidents occurred to propellers in 20 years. Of these 111 were in respect of single screw ships and 89, or 
43 per cent. of the total, twin screw ships. 

For years very detailed records were kept of the condenser tube failures showing the type of failure, 
position in condenser and in tube and so on. It is a matter of thankfulness that the introduction of 
reliable tubes has made it unnecessary to maintain these records. 

Each ship has a large data book in which is kept the particulars of the main and auxiliary machinery, 
the spare gear, the records of dry docking, surveys held, examinations of machinery, principal renewals and 
repairs and the above records of measurements so that the past history of the plant can be immediately 
traced on the ship. The vessel’s final summary of log for each voyage is also entered in this book so that 
the chief engineer may know what has been done on previous voyages. This book is kept in duplicate, 
one copy on board and one in the Superintendent’s office and the copies are exchanged at the end of each 
voyage so that the Superintendent also has a copy of the ship’s history before him. 

Careful records are also kept of the cost of repairs and stores to the various ships and the following 
table gives the ratio of costs for supplying stores and carrying out the necessary repairs to the engines and 
auxiliaries for various machinery types. 


COMPARISON OF COST OF REPAIRS AND STORES FOR ENGINES 
OF VARIOUS TYPES. 


AGE. S.H.P. REPATRS. STORES. 
| 

| Years. Per cent. Per cent. 
Single Screw Reciprocating Saturated it er 23 ' 4,000 100 100 
Twin re te is ee aiid 29 5,500 105 L1O 
Single ,, Superheated ... an ee ore 20 4,300 105 111 
Twin, : RAE AR, DOE (ge AS SSI Ueda le ct 
” ey os (Passenger Ship) ... a 24 | 5,000 | 190 . >] 165 
i. - es my tongety' Pow 21 | 6,000 | 280 175 
| Single Screw Coal-Fired Turbine ae Fs 13 6,000 | 99 112 
| Twin ms 5 » (Passenger Ship) ... 10 7,500 180 205 
ae ” » : “et te ens 13 6,500 | 195 149 
| Single Screw Oil-Fired Turbine <5 ive I 13 6,000 75 110 
” ” ” ” wee wee axial 10 3,700 70 95 
"UMN, «os 7 » (Passenger Ship) ...| 10 eres 120 170 
Twin Screw Oil Engine ate ‘fe ss 9 3,700 62 160 
= “f * ai pee 7 ¥ 8 6,000 88 200 
” ” % (Exhaust Gas Supercharge) 1 5,500 55 160 


” ” FA (Chain Driven Supercharge) 4 | 8,600 | 110 175 
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The superintendent will often be asked what is the economical speed for a ship, and the answer is on 
these lines. When a ship is on a definite run for long periods, the economical speed will be given by 
taking into consideration all the running expenses, wages, victualling, fuel, repairs, stores, etc, 
and depreciation and finding the speed at which the cost of these is at a minimum. 

If ship is to go at her most economical speed because of bad trade, then the factor of depreciation in 
the comparison should be omitted, as the ship presumably could not earn more freight, even if the speed 
were increased and more voyages made. 

In some companies, the wages of crew are paid whether ship is at sea or not; when this is done the 
wages will be omitted in working out the most economical speed for bad trade conditions. 

Before deciding upon the economical speed at which to send a vessel on her voyage, it is necessary to 
know which of the above three cases is applicable. 

It should be remembered, however, that the economical speed of a vessel may not be a satisfactory one 
from the point of view of obtaining the proper share of cargo, passengers, etc., in fact it may be generally 
stated, that the present day conditions demand that the cargo liners run at speeds greatly in excess of 
their economical speed. 

After the engine type has been-decided the next important consideration is the material of which the 
component parts will be constructed. The higher stresses and temperatures under which modern 
machinery is operated has called for alloyed steels, both in forgings and castings, pearlitic cast iron and a 
whole range of improvements in the non-ferrous metals. You will have had experience of these in the test 
house and in the works and have seen the results after running under working conditions. The improve- 
ments in the manufacture of forged steel have helped the turbine builder, the production of alloyed steel 
has given confidence in the use of gearing, tank marine boilers are built with high tensile shells for high 
pressures, the drums for water tube boilers are pressed out of the solid ingot in amazing presses and the 
tubes are equally beautifully produced in such alloys as Dr. Dorey has so well described in his paper on 
boiler tubes delivered to the Institute of Marine Engineers in 1930. 

As regards the cast iron required for the higher temperatures involved in superheating and in oil 
engine use, the metallurgist came in here to help the superintendent, and we haye now no hesitation in 
subjecting cast iron to temperatures at one time thought to be dangerously high. 

It was discovered that a low silicon cast iron could be produced in which the carbon content was so 
finely divided that the splitting action of carbon flakes did not break up the iron. Further research and 
invention showed the foundrymen how regularly to produce pearlitic cast iron. These cast irons have 
been tried in those difficult conditions under which the two-stroke cycle oil engines work, and, as a rule, 
are satisfactory, but in cases it has been found necessary to replace them by special chrome cast steel. 

One of the most beneficent discoveries has been that relating to condenser tube material. After the 
War the marine world had an epidemic of condenseritis. Condenser tubes have had a way of failing in 
cycles, and in 1920-24 we had a visitation. Owners found themselves faced with heavy bills for renewals 
of tubes. Engine builders were asked to pay claims for defective material and workmanship in these tubes. 
The Navy and the high speed liner fled for safety to the expensive cupro nickel tube. The discovery by 
the Corrosion Research Committee of the Institute of Metals of the aluminium brass tube (copper 76, 
zine 22, aluminium 2, instead of the old copper 70, zine 30) has solved the problem of an efficient and 
cheap condenser tube. The use of this tube has had a most marked effect upon the practice of super- 
heating. Superintendents found that those plants which had leaky condenser tubes developed leaky or 
blocked superheater tubes. The salt water from the circulating side of the condenser passing to the 
steam side caused priming in the boilers, so that scum and dirt was carried over into the superheater 
tubes, was baked in them, and soon the tube failed. The erosion and pitting of turbine blades, the wear 
of reciprocating engine piston rings and metallic packings have all been reduced since condenser tubes 
have been put right. 

In the earlier days some anxiety was caused by turbine blade failure, but the use of manganese 
copper blades, steel blades, or chromium iron blades has dissipated that care, and we rarely hear of 
troubles in this connection. Surveyors can help enormously by their supervision of material and 
workmanship. If these are originally good, the life of the plant is greatly increased and expense lessened. 

In dealing with the steam engine, it is curious how superheating of the steam in marine practice 
lagged behind land practice, but it is an essential feature in marine practice to-day. 

The maximum temperature at which the materials at present available for superheaters and turbines 
can be used, at any rate for marine work, is about 750° F. 

The efficiency of steam engines cannot be raised to any large extent so far as we can see at present 
owing to the limitation of temperature by the materials in use. Competition is so keen, however, between 
the steam and oil engines that it is unsafe to predict that further improvement is impossible or far off. 


8 


At one time the advocates of the oil engine could point to the gearing of the turbine ship as being a 
weak spot. I should take space here to say that gearing is now as reliable as any other part of the equipment. 
Our first gears were designed with a load of 1,000 lbs. per lineal inch of gear face, and that gearing is 
running well to-day. But before that ship had gone to sea, such troubles had been found elsewhere that 
a halt was called and the loading on the next gear teeth was reduced to 600 Ibs. It was not until about 
1923 that the cause of the mischief was found to be in defective gear cutting, originating in a cumulative 
pitch error in the master wheels of the gear cutting machinery. Since gear cutting practice has been 
tightened up, that source of worry has been largely removed. 

In the oil engine the principal troubles for all makes of engine have been the cracking of cylinder 
heads, liners and pistons and the deterioration of the oil in the crankcase causing undue wear in the 
bearings. The remedy for these troubles has been the use of fresh water instead of salt for the cooling of 
the heads and liners or where salt is used, the use of acids to remove scale which is deposited on the heating 
surfaces. The oil can be kept free from water by the simple expedient of using oil instead of water as the 
cooling medium for the piston. 

Having built and run the most desirable engine, it is, of course, of great importance to know exactly 
what the performance has been and the engineer in charge sends home his results, measured as accurately 
as he finds possible. j 

The measurement of results is not easy once the machinery has been installed in a ship. The 
engineer in a power station ashore has space in which he can marshall his coil and ashes, erect tanks to 
store his water supplies, and deal with his meters, gauges and other instruments. In a ship, space is of 
value and in the majority of cases the trials carried out at the beginning of a vessel’s career are the only 
ones on which money and time are expended to ensure a correet result. 

The owner, however, should have some sort of a measuring stick by which to assess the value of his 
ship’s performance relatively to the same ship’s previous performances and to those of other ships. 

For this purpose the Admiralty coefficient and fuel coefficient are very valuable. These formule do 
not take into account the effects of bad weather, bad coal and difficult conditions but these figures when 
compared with those of similar ships or previous voyages of the same ship give a very good idea of the 
merit of a voyage performance. 

Looking back it is refreshing to note how many of our old troubles have been cured, or at all events 
lessened, by the advance in technical achievement. The use of electric welding, for example, has made 
unnecessary these very difficult and often unsatisfactory patches which we surveyors used to plan with the 
Superintendent and the foreman boilermaker, the “ putting on tool” for which we used to send the youngest 
apprentice has become a reality and steel, cast iron and even brass parts are now built up in place, or 
forgings such as pinion shafts are sent to have nickel or other metal deposited upon the worn parts. 

After dealing with these details of marine machinery, it is interesting to consider the conditions under 
which it is to work. Immediately there will spring to the mind of the older generation a picture of the 
machinery they used to operate, simple, rather ponderous, hand lubricated, adjusted by rule of thumb 
methods, and entailing much heavy manual labour in overhaul. The men who dealt with this plant were, 
as a rule, craftsmen rather than technicians, who were concerned with overcoming the deficiencies of the 
original design, material and workmanship, as well as with the making good of fair wear and tear. 

To-day the majority of new ships bats machinery which is designed to work at higher speeds, 
temperatures and stresses and the young men who are coming forward to take charge of this more 
complicated and exacting machinery are on the whole better equipped technically than their predecessors 
although usually less skilful craftsmen. I should like to take this opportunity of bearing testimony to the 
keenness of the marine engineer. The older men haye taken up both turbine and oil engine work with 
enthusiasm and have faced the Board of Trade examinations for oil engine endorsements with courage and 
success—no light task when long past school age. The younger men come to us with creditable records 
of work done in the shops and in the technical schools, often with National Certificates and work as well 
and hard as the boys of my early sea-going days. 

It is realised, of course, that this necessarily incomplete and possibly one-sided review of the present 
position of marine propelling machinery only represents my own view of its trend and possibilities. 

British shipping is faced with such extraordinary difficulties at present, that any help that can be 
given by sharing our experiences with our friends should be readily forthcoming. If this lecture is in any 
way helpful to any of your members I shall only be repaying a small part of a debt of gratitude which I, 
like all other Engineer Superintendents, owe to your great Society. 
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THE SURVEY OF MACHINERY AND BOILERS 
DURING CONSTRUCTION IN THE SHOPS. 
By P. T. BROWN. 


READ 17TH JANUARY, 1935. 


The subject before us is of the type for which this Association was primarily constituted to discuss 
and the author feels a considerable responsibility to those colleagues who have requested him to amplify 
his paper on the “ Fitting of Machinery Aboard” by the contribution of this paper. 

Surveying cannot be learned from books—experience alone is the teacher—but it is thought that this 
paper and the discussion, which it is hoped will follow, may afford assistance to younger and future 
colleagues and that the co-ordination of ideas may also assist towards uniformity in practice. 

A surveyor coming for the first time on to new construction (in such capacity) will feel a certain 
amount of loss as to how to carry on, what to ask for, what to expect, what to accept, and what to reject. 
True, he has a book of rules and a sound engineering knowledge but he quickly realises that perfection is 
not attainable in this world and that he has something still to learn. As to the latter he need have no 
worry—one never ceases to learn. 

There are so many types of propelling and auxiliary machinery, each having its own particular 
features, that comprehensive treatment of all would make this paper unwieldy. Thermodynamically the 
various forms present considerable differences but structurally they all consist mainly of iron or steel 
castings and forgings or forms of steel plate construction and ‘materials and workmanship”—the 
surveyor’s principal consideration—is the common denominator. It is proposed, therefore, to introduce 
our subject in a general manner and leave matters of detail for the discussion. The appendix, it is 
thought, will provide material and it is hoped that colleagues will contribute additions thereto. 

TAKING OVER Survey Dovies ar an Encins Worxks.—Before proceeding to a new works to 
take over duty it is desirable to ascertain the class of work the firm do, what jobs they have in hand, and 
the state of progress of each. This knowledge will ensure questions being appropriate and enhance first 
impressions. ‘The personal element represents a lot in survey work and the first duty is to become 
acquainted with all the officials. Start at the top and meet the head of the firm and the manager, next 
the chief draughtsman, then the managers of departments and foremen of various shops. These are the 
people with whom the surveyor has to work and his first business must be to create a friendly feeling. 
Let them see that he has come amongst them to help—that he is there to pass their work. A Lloyd’s 
surveyor is not a kind of policeman out to enforce rules and regulations and offer bureaucratic obstruction 
at every turn. He is at the works for the purpose of assisting in the attainment of a high grade of 
production. In doing so he. will have to find faults and will, on occasions, have to reject work. In such 
cases it is advisable to give the reason and suggest a remedy which can be done in a friendly way. 
During the Great War, a very sensible order was issued which read something like this: ‘*Do not send a 
letter by despatch rider if the post will do, do not send a telegram if despatch rider service will do, do not 
telephone if a telegram will do.” Similar lines are desirable in the shops. Do not call the foreman if the 
workman can put things right—Do not refer to the manager if the foreman can do the necessary—and 
do not go above the manager unless the matter is serious, and only go to the head when it is felt that 
there is a deliberate attempt to evade obligations. There is yet another help in the handling of people, 
and it is mentioned because it has been found effective by practical experience. Expressing interest, on 
appropriate occasions, in a man’s hobby or favourite sport create that friendly atmosphere which is so 
necessary for getting good work. ‘True, it may take one from stamp collecting to cricket, or astronomy to 
horticulture but a lot is expected of a Lloyd’s surveyor. 

Having met the works’ staff, ascertained the extent of the jurisdiction of each member and noted the 
lay-out of the shops and departments, the surveyor has got a useful start on his duties. In course of these 
he has yet other people to work with. Most owners appoint their own superintendents or inspectors to see 
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the work in construction and with these he has to co-operate, and he should do so in full measure but must 
always be on his guard to see that he is not used to make good some omission from the specification. 
Owners’ specifications often call for tests not required by the rules, and the view is here advanced that, as 
far as is possible, such tests should be also seen by the surveyor. They involve no added responsibility ; in 
fact, they lessen the ultimate responsibility inasmuch as they provide additional—even if thought 
unnecessary—safeguards. 

Drawina Orrice.—One has to keep in touch with the drawing office but frequent visits are not 
requisite in connection with construction in the shops. Specifications of orders placed outside (plates, etc.) 
and all data requisite for the first entry reports will be there obtained and it is desirable to look over boiler 
drawings and shafting plans before submission; but, apart from these items, only when new or novel 
features are being introduced is it necessary to examine plans. 

Parrern SHop and Founpry.—These departments are not of immediate concern to the surveyor 
but he must know the foremen and visit them occasionally. He will usually learn something on these 
visits and he may sometimes be of help in drawing on his past experience to assist in overcoming some 
difficulty new to the people concerned, 

Force.—There are not many engine works that do their own forging but, when such is the case, the 
surveyor will find the forge a baby worth looking after. Very able and comprehensive papers have been 
contributed to this association by masters in the craft of forging and to these I refer our members. There 
are a few points, I should like to draw to attention. 

1. Where scrap forgings are made the iron and steel bins should be well separated. The 
surveyor should also be satisfied that suitable methods of selection are maintained and that the 
class of scrap used is suitable for the particular type of forging. 

2. That the weights of hammers used are appropriate to the work in hand. 

3. That the size of bloom or ingot used is sufficient to secure adequate forging as required by 
rules. 

4, That annealing is properly provided for and carried out where necessary. 

Borer SHop.—This should be the surveyor’s pet lamb. The boiler is the heart of the ship and 
the necessity for the closest inspection of workmanship cannot be exaggerated. Faults must be pointed 
out early. 

Generally speaking, the surveyor will see all phases of construction with the normal periodic visits but 
there are definite stages at which construction must be seen and, when works are at a distance and visits 
few, special arrangements should be made so that these stages be not passed without inspection. 

The first stage is the flanging of plates and welding of furnaces and this work should be seen in 
course of operation. It will not, of course, be possible to witness the entire operation, so an inspection of 
these parts is necessary before any drilling or assembling is begun. Particular attention must be given to 
furnace welds and the thickness of plate at weld should be checked. Both lap and glut welds are simple 
operations but faults are frequent. Fortunately we now have electric welding available to remedy defects. 

he corners of combustion chamber back plates and back tube plates are usually thickened in flanging, 
but at times puckering occurs. This should not be; but, when it cccurs, suitable grinding may put 
things right. Hammer dressing is unsuitable. Properly done, the material will draw towards the edge 
and not pucker. 

The flanging of end plates requires particular scrutiny. If furnace mouths are not square with the 
front end plate much trouble will be occasioned in subsequent erection and the possibility of a tight job be 
seriously impaired. There is a chance of drift in the flanging of lower manholes and of their flanges being 
irregular in thickness. It is good practice to make the edge flange of end plates rather less than a right 
angle to the plate and no end plate should be fitted into a shell if any part of the flange has an angle 
greater than 90° to the end. 

The second definite stage for inspection is when work is tacked and drilled ready for riveting. Here 
the closeness of work and fairness of holes requires attention. The number of tacking holes and bolts used 
to draw up the work is important as a good job cannot result with imperfect drawing up. At this stage 
it is important to see that burrs made in drilling are removed. The third stage is the riveting of back 
end into shell and of the combustion chambers. One must make early acquaintance with a firm’s method 
of riveting. To reduce cost, objectionable features sometimes occur. All riveting should be closed ahead 
and gone back over for hardening up—also it must be worked from two or more starting points according 
to the nature and size of the seam. The caulker usually follows up the riveter very closely—a good 
reason for following riveting in its operation. 
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The fourth stage is when the front end plate is fitted and the furnaces drawn up into place and being 
drilled. he fit of furnaces in front end plates needs attention as also does the cleaning of rivet holes 
after drilling. Next we have the riveting of front end, staying and tubing. 

Front end riveting is either by hand or pneumatic and fair holes imperative. Attention to the quality 
of screwed threads in tube and stay holes in necessary and no bad threads permitted. One may observe 
great energy being put into the fitting of a screwed stay only to find the stay slack, under hammer test, 
in one of the plates. The author has made a definite rule that no stay be caulked until tested and he 
strongly recommends this practice. 

The final stage in the construction of a boiler is the hydraulic test. Being severe it will reveal any 
defects in material or workmanship. Given good workmanship one will not know there is water in the 
boiler. Very curious defects have been revealed in hydraulic testing so that it is essential that the 
examination be very thorough. The author recalls one case where a shell plate was found cracked. 

All materials used must be tested by the Society’s surveyors and advice notes from the steelworks 
passed to the surveyor looking after construction. Where there is even but a moderate amount of work 
in hand it is not possible to check over each plate. In passing, may I suggest that surveyors endeavour to 
induce their boilermaker friends to order a// material for their works to be under this Society’s survey. 
The advantage is obvious. The best system of checking material is as follows: Obtain from the builders 
a copy of their steel order and, on receipt of advice notes, check these against the order. Whilst inspecting 
work during process it will only be necessary to see that the I.R. mark is on every plate. It should be 
arranged with the boiler shop foreman that on completion, a list of plates used in each boiler be supplied. 
This list can be checked with advice notes. In the author’s district it is the practice, on completion of 
hydraulic test, to enter the mark to be stamped on the boiler into a book the firms keep and at the same 
time the foreman produces a list of the plates used in construction of the boiler together with their copy of 
the advice notes. 

Tue Macnuine Suops.—There is a difference between survey work in the boiler shop and in the 
machine shop. In the former his principal consideration is “‘workmanship”; in the latter it will be 
materials. Castings and forgings do not readily reveal defects in the rough. It is the machining which 
“tells the tale.” 

In the appendix, details of specific points requiring attention are tabulated, so we may confine 
ourselves at this stage of our subject to the consideration of method of survey of work passing through 
the machines. Perhaps the part requiring most attention is the shafting. Each shaft has to be stamped 
with an identification mark on completion but examination at this stage alone is insufficient. Defects are 
more readily discernable during the turning process so that it is desirable that visits to the works be more 
frequent whilst shafting is going through the lathes. It should be arranged that the turner makes a note 
of the forge identification mark before the same is turned off the coupling. The number, having been 
verified with the forging report, will be re-stamped on the coupling, when the latter is finished turned, 
together with the surveyor’s private stamp. The final examination and stamping of the shafts should be 
left until the couplings are drilled; a suitable occasion being during the reamering of coupling bolt holes 
in the fitting shop. Similar procedure is necessary with rotor wheels and drums and with gear wheels and 
pinions. 

Piston rods, crossheads and connecting rods are parts requiring close scrutiny for defects. Connecting 
rods more particularly on account of the relative difference between the body and the ends. The latter 
may not have received adequate forging which remark also applies to the centre part of crossheads. The 
lesser important forgings must also be seen in process of turning and machining but specific visits are not 
requisite. It may here be mentioned that it isa very good plan to go round every machine and every 
bench once per week. Where such is done there is very little chance of any item not being seen in process 
of manufacture at some stage. 

Although ingot steel is chiefly used for forgings, scrap steel and wrought iron still find a certain 
amount of favour. Where these materials are employed extra care is needed and it is desirable that the 
parts be examined in the rough machined state. Some of the defects likely to be encountered are given 
in Appendix I. 

Our next item is castings. These may be divided into two classes—pressure and structural. Both 
require attention but it is to the former type that particular interest must be given. The bores of 
cylinders and similar working surfaces require close inspection and a good light is necessary. The 
hydraulic test will reveal weaknesses that no amount of visual examination can detect, but before such can 
be carried out considerable money will have been spent and time occupied in workmanship so that early 
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visual inspection in machining should be made. Tn inspection of castings, attention will be given to the 
upper surfaves (as moulded) and to all extra thick parts and localities where change of section occurs. 
Local blow-holes or fossy metal may be of little importance in a structural casting, or even in non-pressure 
parts of a pressure casting, but cannot be permitted in working surfaces. Cooling cracks condemn all 
castings. It is sometimes requested, when faults occur in an expensive casting, that permission be given 
to cut away the defect and burn in new metal. Such permission should be given only in very rare 
instances and never where pressure or considerable stress has to be withstood. 

Steel is now being increasingly used for castings on account of its superior strength and qualities at 
high temperatures, and steel moulding is a difficult art, involving many failures. Faults in steel castings 
are readily hidden by welding. By reason of the different hardness of weld and parent metal such 
treatment will be revealed in machining. A machined surface, however, soon loses its brightness, and a 
weld is not readily detected on an oxidised surface, so that inspection during the machining process is 
indicated. Valve chests of cast steel require very close examination, particularly at points where there is 
change of section or direction of flow of the metal. 

Frrrinc SHop.—Possibly the most important work in any machine construction is that involving 
“shrinkage.” The parts to be so joined are turned and bored with extreme accuracy. This is essential, 
for the operation is “neck or nothing.” There can be no patching up. 

In building up a crank shaft, for example, it is desirable that the shrinkage of body pieces into webs 
and then of crank pins into webs be examined before final turning of the shaft. In such examination, 
not only should the shrinkage be tested all round on both sides by light hammering and a fine feeler, but 
the webs themselves should be carefully scrutinised for cracks. Similar inspection, and even closer 
scrutiny, is necessary with turbine rotors. 

Shrinking allowance varies from 1 in 500 to 1 in 1,000, Each builder has his own opinion, but the 
view is advanced that the lesser allowance is the right direction and the greater is definitely excessive. 
For larger diameters 1 in 1,000 should not be exceeded. 

Tail shaft liners are usually shrunk on to the shaft, and must be carefully hammer tested on 
completion. 

The operations of drilling and studding are worthy of interest, inasmuch as defects are sometimes 
revealed in materials—particularly cast steel—during these operations. 

The fitting of brasses to connecting rods gives the opportunity of examining top and bottom end 
bolts, failures of which parts have contributed in a large measure to many serious breakdowns. 

The fitting of valve gear details, of piston rods to crossheads, and of crossheads to guide shoes, are 
operations worthy of inspection, and the benches on which valves and chests are fitted up should not be 
outside the surveyor’s interest. He will also, when opportunity occurs, examine and hammer test the 
white metal in bearings. 

Hypravnic Testing Department.—The Rule requirements regarding hydraulic testing are not 
very exacting, and many builders subject more parts to test than are called for. This is all to the good, 
and it is—as previously remarked—advisable to witness these tests. For example, it is not required that 
steam cylinders be hydraulically tested, but such test has eliminated many a bad casting. The same 
remark applies to boiler mountings. Condensers, particularly those having welded shells, should be 
tested; the writer has frequently found it necessary to touch up welds of condensers on account of 
leakage revealed by test. 

In the case of iron castings discretion is requisite in deciding on acceptance, rejection or the adoption 
of an expedient to make a casting acceptable. ‘The use of sal-ammoniac in water for a preliminary test of 
iron castings is not objectionable because if such will make the casting tight there is no cause for worry, 
and if it will not, then other steps are necessary. Slight beads from chaplets are usually of little importance 
but plugging is called for if there is a “blow.” Fossy parts occur on cylinder bottoms and at thick places. 
Judgment is necessary to determine whether they may be left alone, whether plugging can be resorted to, 
or whether rejection is necessary. ‘Peening” is an objectionable practice and should not be permitted. 
A porous gunmetal casting (it will only be important cases that are subjected to test) should be rejected, 
however slight the degree of porosity. Electric welding can sometimes be accepted to remedy minor 
defects in steel castings, but, only in minor cases and always with the proviso of a more severe retest. 

Erecting SHop.—The work of erection commences with the setting of bedplate which is an operation 
of major importance, more especially in the case of long and heavy engines, and the surveyor should be 
satisfied that: the setting is level and that the bed-plate is supported in such manner that the imposition 
of heavy weights will not be liable to cause distortion. The fitting of main bearings and bedding of crank 


shaft must be well done and it is desirable to make detailed inspection of such work during progress and 
to arrange one’s Visits so that it will be possible to see the concluding stage of crank shaft bedding. 

From this point as the engine is erected the work is mostly a question of lining up, detailed cbbokiiig 
of which is not practicable.” It is, however, possible to take an interest in the process and it is requisite 
to give particular attention to any radical adjustment found necessary. 

Attention will be given to all “fitting” during erection and, in particular, care must be taken to see 
that loads intended to be carried on spigots are not, through indifferent workmanship, transferred to the 
securing bolts. In most cases where loads are carried by bolts (except shearing stresses) only a proportion 
of such bolts are “fitted.” The actual proportion is largely a question of shop practice, so it should be 
seen that the number is adequate; the fairness of holes should be carefully examined and the tightness of 
bolts tested after fitting. 

Mass Propuction :—Diesel engine details are usually made on this system and so call for somewhat 
different treatment than methods already outlined. There may be under construction in a particular 
works, several engines for different classification societies each having a multiplicity of parts such as 
cylinders, pistons, liners, covers and valves of exactly similar dimensions going through the machines and 
benches together, and which will not be earmarked for any particular job until erection commences. In 
the case of steel castings and forgings which have been supplied by sub-contractors and passed by a 
colleague at the works of origin, the parts will have identification marks, and their correct allocation is 
desirable. Should there be substantial reason for varying the allocation, care must be taken that only a 
part originally intended for another classed job is substituted, and the casting or forging report should be 
suitably amended. This latter is most important, as, in case of subsequent failure, it may be desired to 
investigate such. 

The case of iron castings is somewhat different; if the materials and workmanship are good any 
allocation may be allowed. The only possible control therefore is to see all such parts in process of 
manufacture and stamp them with one’s private stamp. 

Tue Buriper’s PLanr and Mrruops.—The tools employed and methods adopted in an engine 
works are of great importance to the surveyor, and not solely matters of the firm’s internal concern. It 
may be argued that the firm has to produce a job to satisfy the Society’s requirements without apparent 
defect of workmanship or material, and that, as to how such is done, is wholly their business. Such is 
not the case. The tools are a matter of vital importance. Bad work is not difficult to conceal and is 
often not revealed for some time and, as defective tools are a common cause of bad work, it is considered 
that more than a passing interest should be taken in the works’ plant. ° 

Defective blocks and dies, rams, and ploughs of flanging machines have been the cause of much 
indifferent boiler work ; leaking hydraulic riveters will result in tempered rivet points which eventually 
break off ; badly worn or chipped taps cause bad stay holes ; improper systems of screwing stays and tapping 
tube holes eventuate in boiler leakage. So also, in the machine shop. A crank shaft turned in a lathe 
not sufficiently strong and rigid will mean oval pins ; the shifting of planing work about in a machine too 
small, for instance, to machine a certain surface in one setting may result in bad alignment—difficult of 
detection. Annealing furnaces and heat treating methods are of considerable importance and worthy of 
keen interest. 

Considerable discretion is requisite in drawing attention to defective tools or methods but when one 
is sure of one’s ground no hesitation should be made. Choose a suitable opportunity and intervention will 
not be regarded as interference and will be appreciated. 

Frequency or Vistrs.—Efficiency of survey cannot be measured by the number of visits to the 
job. Too frequent visits to works defeats the end in view; one will not be able “to see the beach for the 
sand.” With normal rate of production, two visits per week are usually sufficient and, even when a job 
is being rushed, three visits will be found ample. At certain periods it may be necessary to attend on 
succcssive days for the examination or testing of specific parts, but, if close touch is kept with the work, 
anticipation will save special calls. The desirability of visiting each bench and machine weekly has already 
been mentioned, Such procedure, besides affording opportunity for inspection of, detail and general super- 
vision of output, indicates interest in the work and is usually very favourably received by the builders who 
will appreciate that they are getting value for the fees. 

The second of the weekly visits will be for examination of work of major importance. 

Norges AND Recorpds.—The surveyor’s work is not finished with the supervision of construction. 
The Committee have to know all about it and he has a First Entry Report and other information to send 
them for the purpose of assigning a class and keeping a complete record of the job. Without a system 
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this task will take a lot of time (possibly subtracted from that which could be more usefully employed in 
the shops) and be susceptible to omissions and inaccuracies, which latter, in particular, is not in accordance 
with the Society’s tradition. It is therefore proposed to outline a method conducive to quick and accurate 
compilation of the First Entry Report and of recording vital particulars. 

It is advisable to have a book for all calculations of boiler pressures, pipe thicknesses, shaft sizes, horse- 
power, etc., so that a permanent record is available. Such calculations should be made on receipt of plans 
and the particulars entered in the appropriate official note books. The official boiler note book will serve 
for a large number of boilers and it will be found convenient to have a number of the small machinery 
note books bound into a volume. In these two books all data requisite for the First Entry Report will be 
recorded at an early date and before work starts to come through the machines. This facilitates checking 
of sizes. The dates of approval of plans should be recorded in the appropriate place on receipt of approval. 
When binding up several machinery note books into a volume it is recommended that a few pages of 
squared paper be inserted between each to serve for sketches and particular notes. Into the machinery 
note book should be entered particulars of-important forging and casting marks taken from the forging 
and casting reports received from elsewhere. Also particulars of all hydraulic tests should be recorded. 

An important part of the First Entry Report is that devoted to dates of examination. To have to 
wade back through one’s journal, perhaps for months of entries, is a laborious business and it will be found 
useful to make up a date book and to always carry it in one’s pocket. As one set of particulars will some- 
times serve for several jobs and only dates of examination and marks on parts are different, the advantage 
of such a book is apparent. Also it has a self disciplinary effect. An idea for ruling such a book is given 
~ in Appendices IT and III. 

A book is requisite for boiler orders—apart from the official note book. The ruling of such a book, 
which has been found invaluable when information concerning boilers made years ago has been required, 
will be found in the Appendix IY. 

Forging report forms should be filed as received, after noting marks in machinery note book. These 
should be endorsed on completion of the job after this style: ‘‘ Examined rough turned and finished and 
stamped :— LLOYD'S 

No. 
Date. Initials.” 


The correspondence concerning each job should be filed separately, but only correspondence of 
importance need be retained—the really important letters being those of submission and approval of plans. 

Provided data is recorded and a system maintained, the First Entry Report becomes simply a matter of 
transcription ; and, if filing of drawings, advice notes and forging reports is up to date, the collection of 
records required with the First Entry Report are immediately to hand. 

FURTHER RESPONSIBILITIES OF THE SURVEYOR.—Although the surveyor’s allegiance is only to the 
Society he has a measure of responsibility to the builders and owners. Between builder and owner there 
exists a contract, the latter agreeing to pay the former a certain sum of money in return for certain 
machinery to satisfy certain requirements; to wit, those of Lloyd’s Register, and the surveyor has to see 
that such are carried out. The manner in which these requirements are enforced will have a bearing on 
the satisfaction which each of these parties obtain; and both parties are the Society’s clients. 

Possibly the most annoying thing that can happen to a builder is to have a part rejected, after a lot 
of money has been spent on it, for a defect which could have been seen at an early stage of machining. 
For example, a cylinder rejected for a defect in the bore after all machining is finished. Of course, it can 
be argued that the shop people should have seen the defect, pointed it out, and requested a decision. 
Which is perfectly true. tt is better, however, to see all work at earliest stage possible and so avoid such 
occurrences. If it is possible to suggest an expedient to remedy a defect the surveyor should do so, and 
likewise, any suggestion offered by the builders should receive most earnest consideration. On occasions, 
too, a really definite repair may render a defective part serviceable, and every consideration should be 
given. In such cases, however, one should work in conjunction with the owners’ representative. 

With regard to the owner, the important point is that it is generally he who pays for the surveyor’s 
services. He should be able to feel that he is getting value for his money, and any extra services which can 
be given on his behalf should accordingly be rendered. There are many ways in which the surveyor can 
assist the owners’ representative, for example, co-ordinating visits with the representative, joining in 
witnessing owners’ tests, and seeing specified tests on his behalf when he is not able to do so himself. 

All these little things count, and it is the responsibility of the surveyor to do all he can to make 
owner and builder realise that Lloyd’s survey is pre-eminent. 


Part. 


‘ 


: ; | 
Stage of | 


“4 =, a 
Coreerietion: | What to Observe. 


End plates, com- 
bustion chamber | | 


backs, tube 
plates, ete. 


Furnace. 


Do. 


Combustion 
chamber. 


Do. 


| (a) Condition of 
flange surfaces, 
particularly at 
corners. 


Flanged. 


| (0) Edge of plate. 


_(¢) Angle of flange 
| to body of plate. 
| 


(2) Surface of 
body of plate. 


| Welded. | Line of weld on 


' both sides. 


Flanged. | Condition of 


flange. 


| Tacked. 


_Closeness of work. 
| | 


| Drilled. (a) Fairness of, 

holes. : 
(bd) Depth and 

| angle of counter- 

| sink. 


APPENDIX I. 


| 
| Possible Defects. 


(a) Marked in 
heel by blocks 
puckered at | 
corners, creased | 
on flat of flange. 

(b) Cracked or 
burnt ; 
laminated. 


(c) Incorrect angle. 


| (d) Plate buckled — 
| by draw of 
flanges. 
| 

(a) Cracks or 
incomplete welds. 


(0) Pitting. 


| (¢) Thickness of 
weld. 


| (a) Corners burnt, 
angle incorrect. 


Work not | 


sufficiently close. 


(a) Holes unfair. | 


(0) Depth toolittle. 
Angle too small | 
due to wear of 
tool. 


Action. 


(a) If of a minor nature, 
dressing is allowable ; if 
extensive, plate will require 
re-heating and marks forged 
out. 


| (b) If cracked or burnt part 


will machine off no action is 
necessary ; if not, plate must 
be scrapped. A laminated 
plate must always be rejected 

(c) A moderate amount of cold 
setting may be permitted; if 
much is required plate must 
go back to fire. 

(d) Can usually be set cold. 


(a) Chip out and fill with 
electric welding ; if latter not 
available punch a hole 
through, bring part to 
welding heat and weld in an 
iron rivet or punching. 

(6) Such usually due to not 
keeping surface clean— 
given ordinary care buffing 
out will do. 

(c) Allow 4/y in. tolerance. 
more than 4; in. thinner 
than rule—reject. 


If 


As mentioned above for other 
flanged work. 

N.B.—Annealing is necessary 
after all hot work on plates. 


As tacking holes are smaller 
than those for final riveting, 
adjustment may be possible. 
If error is serious then 
wrappers must be scrapped. 


(a) Rimer fair. 


(0) Re-countersink. 


Combustion cham- 
ber—continued. 


Boiler shell. 


Do. 


Boiler. 


Oylinders. 


Do. 


Stage of 
Construction. 


Riveted. 


| Drilled. 


Riveted. 


Furnace 
drawn up 
into front 
end plate. 


Bored. 


Faces 
machined. 


| Hydraulic 
| test. 
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APPENDIX I—continued. 


What to Observe. 
(a) Rivet points. 


(b) That plates 


Fairness of holes. 
Depth and angle 
of countersink. 


(a) That all work 
is close, par- 
ticularly butt 
straps. 


| (b) That rivet 
heads are hard 
up ; that caulking 
of rivets is not 

| excessive. 


| Fit of furnace. 


Condition and 
smoothness of 
bore. 


| Condition. 


Tightness. 


are closed. | 


Possible Defects. 


Action. 


(a) Too full or | 


spare or pock 
marked. 
(b) Plates not 


together. 


See Combustion 
chamber. 


(a) Shell plate may 
not be hard on 
end flange both 
outside and in- 
side ; butt straps 
not true to shell. 


| Furnace not fitting 
in mouth. 


Blowholes. 


| Blowholes or fossy 


metal. 


properly drawn | 


(a) Renew. 


| (b) If a No. 4 feeler can be 


inserted to touch a rivet or 
pass between rivets, work is 
too loose. .Cut out rivets, 
close work and re-rivet. 


See Combustion chamber. 


(a) Cut out rivets, set unfair 
parts, rimer holes and 
re-rivet. 


(b) Renew rivets. 


If loose the furnace must be 
opened out. 


Very small holes of shallow 
nature may, according to 
incidence, be accepted ; 
generally this defect means 
rejection. 


| Defects of this class do not 
impairnon-working parts, but 
on valve faces, joints, etc., 
they cannot be permitted. 


Leakages at 
bottom or in way 
of ports. 


Depending on extent and 
incidence. 


Part. 


Bedplate, 
entablatures, 
columns, ete. 


Cylinder covers. 


Thrust, inter- 
mediate shafting 
and similar 
forgings. 


Tail shaft. 


Do. 


Do. 


Stage of 
Construction, 


| During 
machining. 


Machined and 
drilled. 


Rough turned 


holes drilled. 


| Rough and 

finished 

turned. 

| Liner bored 
and rough 
turned. 


: 
| Liner shrunk 


on and 
finished 
turned. 


and finished) 
with all bolt 


) 


What to Observe. 


Soundness. 


Soundness of 
materials with 
particular 
attention to 
cored parts in 
Diesel work. 


Soundness of 
material. That 
coupling faces are 
smooth and haye 
no ridges. That 
bolt holes are 
smoothly 
rimered. | 


Do. 


That liner is very 
smooth bored. 


‘ | 
Surface of liner 


and tightness on 
shaft. 


APPENDIX I—continued. 


| 
| Possible Defects. | 


Bad metal, cracks 
in ribs. 


Blowholes—fossy 
metal ; fractures 


in neck of flange ;, 


cracks in webs ; 
variation in 
thickness of 
cored parts. 


1. Ghosts. 
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. Longitudinal 
flaws. 


3. Circumferential 
flaws. 


Do. 


Blowholes in 
casting. 


liner does not 
touch the shaft. 


Action. 


It depends on incidence or 
extent of fossy metal as to 
whether casting can be 
accepted. Where cracks 
occur, rejection is usually 
salled for but patching may 
be possible in comparatively 
unimportant places, but only 
with owners’ consent. 


In case of blowholes or fossy 
metal the extent and 
incidence governs the action. 
When fractures occur in neck 
of flange, however slight, or 
cracks are found in webs— 
reject. Variations in thick- 
ness must be treated on merits. 


1. These are usually of little 
importance. 


2. These should be chipped 


out. If they are deep the 
shaft must be rejected. 


3. These should be chipped. 


If only superficial the shaft 
may be accepted, but this type 
of flaw is dangerous and it is 
better to he sure than sorry. 


Do. 


Any blowholes to be carefully 


examined and if liner is 
likely to be porous it mnst 
be rejected. 


Slack places where If slack at ends or over exten- 


sive area—reject. If only 
smal] area in middle then it 
may be pumped up with 
red-lead. 
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APPENDIX I—continued. 


Part. 


Stage of 
Construction. 


What to Observe. 


Crank shaft. 


Do. 


Piston, connecting, 
eccentric and 
other rods forged 
from steel or 
iron. 


Turbine casing. 


Do. 


Do. 


Rotor shafts. 


Rotor wheels. 


Webs bored 
and 
machined. 


Body pieces 
and pins 
turned. 


Built. 


Turned and 
machined. 


Cast. 


Finished 
| machined. 


Bladed. 


Rough and 
smooth 
turned. 


Turned. 


Do. 


See other shafting. 


Condition of bore 
and machined 
surfaces. 


Shrinkage and 
surface around 
shrunk parts and 
at edges. 


Surface, with 
particular 
attention to parts) 
which have 
received less | 
forging than the 
body of rod. 


Soundness of 
casting. 


Soundness of 
blading grooves. 


Quality of 


workmanship. 


Soundness of 
material. 


Do. 


Shrunk on to 
| shafts. 


Quality of 
shrinkage. 


Possible Defects 


| Ingot steel: piping 


in bore. Scrap 
steel : holes in 
bore. Cast steel ; 


cracks in surface,| 


cavities in bore. 


See other shafting. 


Shrinkage 
imperfect. 
Cracks. 


Flaws, cavities in 
ends where least 
forging done. 


Defective metal, 


cracks in ribs. 


Blowholes. 


Action. 


Any defect is generally a serious 
matter and webs should be 
rejected for most flaws. 
Shallow defects mvy be cut 
out. Defects in bore always 
call for rejection. 


See other shafting. 


Reject. 


In case of steel a flaw should 
be bottomed at once. If the 
cavity cannot be removed in 
turning—reject. In case of 
iron, experience alone will be 
the guide. Reed marks are 
a necessary feature in iron 
but reeds may be serious 
enough to warrant rejection. 
Reed marks are not per- 
missible in iron piston rods. 


Depends on incidence. 


Do. 


Defective caulking.) Make good. 


Bad soldering of | 


securing wires. 
Flaws by piping 
or ghosts. 
Do. 


Shrinkage imper- 
fect ; cracks. ¢ 


See other shafting. 


Do. 


Reject. 


Part. 


Rotor drums. 


Do. 


Do. 


Do. 


Pinions and gear 
wheels. 


Do. 


Propeller boss. 


Do. 


Stern bush. 


Do. 


Stern Tube. 


Stage of 


| Construction. 


Turned. 


Shrunk on 
wheels. 


Grooves cub. 


Bladed. 


| Forged and 
rough 
turned. 


Smooth 

' turned, 
during tooth 

| cutting, and 


finished. 


Bored and 
| machined. 


Studs fitted. 


Turned and 
bored. 


Wooded. 


Turned and 
bored. 
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APPENDIX I—continued. 


What to Observe. 


Soundness of 
material. 


See wheels. 
| 
(a) Quality of 

turning. 


(6) Soundness of 
material. 


| Quality of 
workmanship. 


Condition of metal. 


| Surface of metal 
and quality of 


: 
tooth cutting. 


| 
| Quality of turning’ 


and material. 
| 


Tightness. 
Material. 


| Grain of wood and 
fitting of strips. 


| Quality of | 
material. 


Possible Defects. 


See’ shafts. 


See wheels. 


(a) Grooves not to 


gauge. 
(b) Flaws in 
material. 


See casings. 


Surface flaws. 


Flaws ; roughness 
of work. 


(a) Rough 


turning. 


_(b) Blowholes in 


cast iron ; 
cavities in cast 
steel. 


Porous material. 


Grain diagonal 
with cutting. 
Badly fitting 
strips. 


Fossy metal. 


Action. 


See shafts. 
See wheels. 


(a) Put right. 


_(b) See shafting. 


See casings. 


Chip out. If deep or 
extensive—reject. 


At this stage flaws mean 
rejection. Workmanship 
must be as near perfect as 
humanly possible. 


(a) Make good. 
(6) Must be judged by extent ; 


if too extensive for plugging 
—reject. 


If not a tight and solid fit, 
renew with large size. 


Reject. 


Re-wood. 


If water tightness likely to be 
impaired, plug or reject. 

N.B.—A hydraulic test is 
recommended for stern tubes. 
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BOILER DATE RECORD. 


i FLANGING. DRILLING. RIVETING. \ 
i j | ete ¢ 
2 OO ee eee era eee ers ae ie eae a 
seit . urnace | Furnace k igs 
| ©.0. | Ends | Furnace. 0.0. | Shell. |Fyouth, | C-C. | Shell. | “youth. | 
sal —_—_——_|——— = —— -——|- | _ 
| | 
l H 
H 
| eae | 
i I 
| | 
he : ] ] j | j == 
CYLINDERS! SHAFTING. | | 
AND VALVES. || PISTONS. || RoDs. |}————_——_ SS STEAM PIPEs. 
4 Re COVER. 1 CRANK. THRUST. TUNNEL. TAIL. 
ngineers | Shipyard —|—— - —EEEe — = = P Stern 
and and fae, r Fas pe oes ey Aves € ro- || § ¥ 
Number. Number. | 5. | p: a ler | ele: fa: le le a|= 1 ag a 3s eae | oe | a See r fe peller. | Tube. z 3 
aie 11 | A i}e|/ei2a] 3/35] 6/2 rea iat Z % 
disidimialdime laid} 2/e)es| 2 an| & |eols ala la aa 4 & 
&| 8 © Paha) =] po | = = 21 = 
} 7 gy ee Bale |e] & |e mg a 
n zm | ‘é é | # ee | - 4 
| 
! | | 
ee a 
| | | | | | 
] || | | | 
i | | | | | 
| | } 
ae aes | | | | 
lt | 
BOILER ORDER BOOK. 
= Z = - : cas = 
Boiler MATE 
— pate et eb § | WP. ——————— pig ha Ship. Cert,No. || Remarks. 
naa | ook, ‘ a 4 | 


Submitted. Approved. | 


| 


DISCUSSION ON Mr. P. T. BROWN’S PAPER 


ON 


THE SURVEY OF MACHINERY AND BOILERS 
DURING CONSTRUCTION IN THE SHOPS. 


E. W. Bnocksipa@R. 


Gentlemen, | think it will surprise most of us if we go back over the papers read during the last 
12 years of the existence of the Staff Association to find the comparatively small number of practical 
papers which deal with the actual work upon which the Society’s surveyors are engaged. 

To-night we have listened with great interest to a paper which deals with very practical matters of 
the every-day life of an Engineer Surveyor, and it suggests to me that it would not be a bad idea if 
another member were to produce the twin brother in the near future—a paper relating to the survey 
during the construction of the hull of a ship. 

As this is a paper which deals with details of procedure during the survey of machinery and boilers 
before erection on board, there should be no hesitation among the members present this evening to join 
in the discussion. 1 invite you, therefore, to speak briefly in order that we may have the advantage of 
Mr. Brown's reply before the meeting closes. 


A. A. CHALMERS. 


Mr. President, Mr. Brown, Gentlemen: Mr. President has taken the words out of my mouth, because 
[I was going to compliment Mr. Brown in the same way. It was for this kind of paper that the Staff 
Association was formed, and I am sure that these practical papers are of inestimable value, not so much 
perhaps to myself, because I am rather an old soldier, but to the younger men who are starting on this 
sort of work. I think it would be a great help to the meeting if some of these young men would get up 
on their hind legs and state how they regard the broadminded way Mr. Brown has tackled this subject, 
and I am sure such opinions would be of benefit. 


A. R. SNEDDON. 


In reply to Mr. Chalmers, as one of the younger surveyors of whom he speaks, I would like to say 
that I personally appreciate this paper of Mr. Brown’s very much, and [ think I will be voicing the 
opinion of many other surveyors new to the Society and similarly placed to myself, in saying that this 
paper will serve a very useful purpose. 

For one reason, ours is one of the few professions about which reading matter is unobtainable that 
will tell us just how to do our jobs. It is only through the experience of the older men who have gone 
through the mill that we learn the right method of doing the job and doing it well. 

For myself and others in a like position I consider Mr. Brown’s paper extremely useful and T take 
this opportunity of thanking Mr. Brown. 


C. W. REED. 


I would like to add my little word of thanks for this very excellent paper, which, I quite agree with 
Mr. Sneddon, is of incalculable value to the younger surveyors. The only criticism is that it all seems 
too good to be true. Is it really possible for a surveyor at a busy port to attend to all the things 
regarding new work which Mr. Brown says should be seen to. I wonder whether Mr. Brown considers 
that all these points can be looked after or whether it is only an ideal. 


» 


In the paragraph entitled “ Fitting Shop,” he states in regard to tailshafts that after the liners have 
been shrunk on they should be hammer tested on completion. I wonder if he ever has a hydraulic test 
put on the liner before it is finished. We often have trouble after liners have been fitted and these are 
often difficult to find beforehand. 


It is clear that this paper, like the papers on “Steel Testing” and * Welding,” will be in great 
demand by all surveyors going on to new work for the first time, and our thanks are due to Mr. Brown 
for the trouble he has taken compiling it. 


G. D. Rrrente. 
The matters dealt with in this paper are of prime importance, and the author's outlines of the items, 


which should have attention, should be of the greatest assistance to surveyors who may not have 
much experience of the inspection side of new construction. 


It may be useful to amplify some of the points touched upon in the paper, and to refer to a few he 
has not mentioned. 


Among the latter is the question of checking boiler scantlings with the approved plan. I found it 
a useful practice to have in my note book a sketch of the boilers, showing the principal dimensions, 
plate thicknesses, details of shell joints and manhole double riveting, girders and tube particulars, 
with a special note of amendments required by headquarters on the plans as submitted for approval. 


With this information in a handy form it was a simple matter to check the essentials. 


It is a waste of time for a surveyor to attempt to judge the quality of a riveted seam after the 
riveting and caulking are complete. The time to examine a joint is when it is ready for riveting, as then 
the surveyor can ascertain whether the plates are close fitting, the holes fair and of the correct size and 
properly countersunk. 


If these conditions obtain the soundness of the joint is practically assured. A good deal of the 
leakage so often found at the bottom of the circumferential seams would be avoided if the riveting of 
these joints was started at the bottom of the boiler. In large boilers it is common to have two squads 
working at the hand-riveted circumferential seam, but it is better for one squad to commence at the 
bottom and work up each side to about the height of the wing furnaces, and thereafter for two squads to 
work up on each side towards the top. By this means only can the complete closing of the seam at the 
bottom be assured. As the “slack” is gathered up in the steam space part of the joint where there is not 
the severe racking strain which is set up at the bottom, due to the lower temperature present there. 
The practice of starting the riveting at the bottom of the shell is desirable whether hand or machine 
riveting is employed. 


It is essential that screw stays should be screwed in a machine having a leading screw, as otherwise 
the threads are slightly out of pitch, and it will be found impossible to fit the stays without heavy forcing 
and consequent damage to the thread. 


Sometimes one finds boilermakers, in an excess of zeal, fitting washers and grummets under screw 
stay nuts. This is quite unnecessary, and should be prohibited on the fire side. The Rule requirement 
that staytakes are to be expanded and not caulked should be rigidly enforced. 


When hydraulic riveting is employed care should be taken to see that the die is clear of the radius 
of the flange. A very serious explosion occurred some years ago when one of the end plates of a steam 
receiver gave way. It was found on investigation that the die of the standing leg of the hydraulic 
riveter had indented the plate at the radius of the flange in way of each rivet in the inner row, with the 
result that the plate eventually cracked owing to the heavily strained condition of the material at these 
indentations. 


If the load on the hydraulic riveter is too great, the plating in way of the rivets may be excessively 
work hardened. ‘There is, of course, work hardening in any riveted seam, but the riveting pressure 
should be attended to and adapted to suit the thickness of the plating. 


In some works this important matter is attended to, but sometimes the same load is kept on the 
accumulator irrespective of the thickness of the plating. It is probable that some of the vexatious 
cases of cracking between rivets in combustion chamber plating are due to excessive pressure on the 
hydraulic riveter. 


The practice of chamfering the edges of the flanges of tube plates, c.c. backs and furnaces, is a 
useful one, which should be encouraged, as it reduces the likelihood of cracking from the rivet hole to 
the plate edge. ; 

Turning to the inspection of engines, I would remind you that in 1927 Mr. Lee-Annear gave to the 
Staff Association a valuable paper on the Survey of Diesel Engines, and this should be looked up in 
conjunction with Mr. Brown’s paper. 

A few points occur to me which may be useful. It is necessary that important castings should be 
examined for thickness. A core out of position is not unknown by any means, and the surveyor should 
satisfy himself that the thicknesses are gauged before machining is commenced. 

In particular, cylinders, stop valve bodies, evaporator bodies and the like, should have attention in 
this respect ; on page 4 of the paper Mr. Brown states that in building crankshafts a shrinkage allowance 
of 1 in 500 is too much and 1 in 1000 too little. 


The building of crankshafts is such a vital matter that some further information should be given. 


There are far too many cases of slack crankshaft journals, but if the following points, which 
represent the best existing practice, are attended to, a thoroughly sound job is assured. 


1. The materials should have a good elastic limit. 


2. The shrunk portions in contact should have the finest possible finish. In Diesel engines 
these parts should be ground. 

3. The shrinkage should be ,;3%5 in. per inch diameter of the shaft. 

4. Webs which are to be on the same crank pin should be bored together, preferably at the 
distance apart of the finished form, and preferably also in a 2-spindle boring machine which has 
both spindles dead in line. They should be fitted so that when on the shaft they are in the same 
relative positions as obtained on the boring machine. 


5. When the shaft as built is on the lathe for finishing the journals, the alignment of the pins 
should be very carefully checked, and rectified if necessary. 


6. The shrinking of the pins and journals should be done at one heat. 


7. The breadth of the webs should never be less than that required by Rule. It is a great 
mistake to skin down the breadth of crank webs in order to obtain a shorter engine. The narrower 
web implies a greater shrinkage allowance for the same “grip” with a corresponding increase of 
stress in the material, a stress which may be beyond the elastic limit. 

8. Dowels should be fitted at pins and journals. These and the holes should have a taper of, 
say, yo’yo+ and should have an air groove. Dowels should, of course, be unnecessary, but we are 
only human, and many a vessel has made port with a slack journal owing to the resistance given 
by the dowel. 

Mr. Brown deprecates the “ peening” of porosities in castings shown up under hydraulic test. 


As to that, Iam bound to say that I have “ peened” a good many in my time, and you can take it 
that when the works make their own test before the surveyor’s arrival they indulge in the same practice. 
There is no harm in it when discretion is used. 

The Rules very rightly do not require steam cylinders to be hydraulically tested, but it is a frequent 
practice in the shop. Frequently there is some porosity at the cylinder bottom, and is usually of no 
moment. 

When stuffing boxes are cast with the cylinder, as is usual in the smaller sizes, blow holes are 
frequently found on machining them. Unless these are so bad as to weaken the structure, a brass bush, 
the full depth of the stuffing ox, is all that is required, but the Owners’ representative should he made 
aware of it. 

Our warmest thanks are due to Mr. Brown for his extremely valuable paper, and the younger 
surveyors may consider themselves fortunate to have the fruits of his experience placed before them in 
such a lucid and helpful manner. A careful study of what he has said will perhaps save them from some 
of the dear and occasionally painful lessons learned in the school of experience. 
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G. H. ForsyvrH. 


Mr. Brown has presented a paper, in which many interesting points are raised. The writer will 
confine his remarks to one question, namely, crankshaft shrinkage. 

It is a fact that, in spite of great strides in engineering progress, failure of crankshaft shrinkage grip 
is still frequently encountered. 


The important points with reference to an efficient shrink, appears to the writer to be as follows, viz :— 


(1) The proportion of the metal around the eyeholes of the web. 

(2) Shrinkage allowance. 

(3) The heating of the web. 

(4) Machine finish of both the bore in the webs and the fitted portions of the journals and 
pins. 

Regarding (1) calculations indicate that, if “h” be the thickness of the web measured along the 
axis of the shaft, and “t” be the radial thickness of the material around the eyeholes, then in order to 
obtain a constant shrinkage grip, the proportions of ‘«t” and “*h” should be varied, as shown in curve 
(1). This curve is drawn on the basis of constant shrink allowance. The form of the curve indicates at 
once that if “h” is reduced, “t” must be greatly increased to provide the same constant shrinkage grip. 
In fact, where “h” is less than -448 d, it is impossible to obtain the shrinkage grip given by Rule 
proportions, no matter how much *t” be increased. 


It may be argued that “*h” may be safely reduced if *t” is increased, together with the shrinkage 
allewance. This, however, is not the case; curve 2 has been calculated for constant hoop stress at the 
bore of the web, i.e., for a web where, as the value of “+t” is increased, the shrinkage allowance is also 
increased, thus maintaining a constant value of hoop stress at the bore of the web. 


This curve illustrates, in a similar fashion to curve (1), that increase of “h” is more efficient than 
increase of ‘‘t” in providing grip. 

These results are important because there is a tendency to reduce “h” as far as possible, in order to 
reduce the length of an engine. Obviously, the best form of web is one in which the value of “h” is 
high. 

Shrinkage grip allowance varies from yoyo to yoo in. per in. diameter, The most highly stressed 
portion of the web due to shrinkage strains will be between the two bores. In engines where the distance 
between the bores is somewhat less than “t,” it is probable that, with an allowance of +déo in. per in. 
diameter, the yield point of the material will be exceeded in this region at the web bores. This would 
appear serious, but it should be remembered that as the material yields, so the stress at that point is 
relieved. This yielding action will have two effects ; the material will become strain hardened to some 
extent, and further, the stress distribution will become more evenly distributed across the radial thickness. 


Both these effects will tend to increase the grip, and may be taken advantage of in the choice of a 
shrinkage allowance. The writer is of the opinion that there is no need to reduce the shrink allowance 
in order to keep the higher stress below the yield point—the stress may be in the region of the yield point 
stress. If this be the case, then the higher the yield point of the material of the web, the better will be 
the grip obtained. 


The heating of the webs before shrinking is an operation requiring great care. The practice of 
putting a gas coil burner in each bore in turn should be discouraged, because the heat stresses set up are 
sufficient to cause serious distortion. Further, with intense local heating at the bore of the web, an oxide 
scale may be formed having a thickness equal to a large percentage of the shrink allowance. 

A better method is to carry out the heating operation in a furnace, taking about four hours over the 
heat in the case of a large web. The web may then be gradually raised in temperature without being 
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distorted, the pin and journal being shrunk in one operation. 

Further, the atmosphere in the furnace may be made “reducing” by suitable adjustment of the air 
supply, thus preventing oxidation. 

It is imperative to have a smooth finish for the surface of the shrunk portions of the webs and body 
pieces, if surface contact is to be obtained after shrinking. If surface contact is not obtained it is only 
a question of time before slackness becomes apparent. 


Wart. 


Mr. Chairman and Gentlemen, | rise with very great pleasure now to propose a vote of thanks to my 
old friend, Mr. Brown, for the paper which he has given us to-night. It 1s many years since Mr. Brown 
and I were colleagues together in Glasgow. We were on the same district and worked together on many 
occasions, it is a real pleasure to have him here, for the second time, giving a paper to our 
Association. I, therefore, have much pleasure in moving a very hearty vote of thanks to Mr. Brown for 
the very able ct he has given us to-night. 


CORRESPONDENCE. 
Brooke Surru (Hartlepool). 


The paper submitted by Mr. Brown certainly contains some very useful general information, but 
some of the many suggestions may not be considered practicable, and to my ‘mind there is scope for 
discussion, which, after all, is the essence of a contribution. 


As a suryeyor is only expected to see that the Rules for the Survey and Construction of Engines and 
Boilers of steam vessels are carried out, there is very little likelihood of his being used to make good 
some omission from his specification. Neither party, knowing their business, would expect, or permit, 
a classification surveyor to act as arbitrator, and he, if he reads his instructions, nat urally would not do so. 


Regarding the witnessing of tests not required by the Rules, I am in full agreement with the author 
that such tests should also be seen by the surveyor as far as is possible, in company with the Owners’ 
representative. 

One point which the author does not appear to mention is, that in taking over survey duties at an 
engine works, it is usual to be following in the footsteps of many previous, and probably highly competent, 
surveyors who have organised the various duties in such a manner that, by their efforts, the work turned 
out is of a fairly high standard of proficiency, and the newcomer’s task, by the use of commonsense, is 
made very easy. 

Mr. Brown gives some useful hints in boiler shop practice. He draws particular attention to furnace 
welds and thickness of plate at the weld. In this country, and often abroad, it is quite unusual for 
furnaces to be made, except at works which specialise in their manufacture for boilermakers. Under these 
circumstances, the furnaces are inspected, passed and stamped by the surveyor at the maker’s works, and 
covered by the usual certificate. All that is left for the surveyor at the place of boiler construction is to 
check the markings with the certificate. The furnace weld, thickness of plate in way, etc., having been 
already checked and accepted. 

The author refers to the fact that faults do oceur with the welds, and that, fortunately, electric 
welding is available to remedy defects. This is not always acceptable to the Owners’ representatives, as 
was shown recently in the writer’s district, in the case of a new boiler. At the time of the hydraulic test, 
a very slight leak was noticed in the weld at the throat of the furnace. The proposal was put forward 
that the weld, where defective, should be gutted out and welded by the electric metallic are process. 
The Owners’ representatives were agreeable that this should be done, provided the makers of the boiler 
gave them an extended guarantee of such a severe character that without any further argument it was 
considered advisable to renew the furnace, and not to be bound in the manner asked for. 

It is quite a common practice nowadays for furnace mouths to be machined after flanging. This 
ensures that they are square with the front end plate, and the furnaces a good fit in the end plate. 

The statement that it is important to see that the burrs made in drilling are removed, is one which 
will readily be agreed with. This is a job which is all too frequently delegated to a youth who has little 
or no interest in “doing thoroughly a particularly monotonous piece of wor ar great deal is said in the 
paper about the fairness of rivet holes. As it is almost the universal practice in boiler making to conform 
to rule requirements which states that all rivet holes are, as far as possible, to be drilled in place, unfair 
holes are rarely, if ever, met with. 

Regarding riveting the author inform us that to reduce cost objectionable features sometimes occur ; 
it is a pity that he has “omitted to specify what the objectionable features are, and it is hoped that in the 
reply this omission will be rectified. There are many districts where it will be found that hand riveting 


is not gone back over for hardening up, and it is a matter of opinion if such is necessary. Scant mention 
is made in the paper of hydraulic riveting by which about 90 per cent of boiler work is done nowadays. 
The author states that all riveting should be closed ahead and gone back over for hardening up. It is 
concluded this refers to hand riveting only. 


In connexion with the fit of screwed stays we are informed that the author has made a definite rule 
that no stay be caulked until tested. Does this mean that he personally tests each stay, and does the 
same apply to stay tubes? Which it certainly should. 


In many works the boiler shop foreman arranges for the stays and stay tubes to be tested before 
caulking and/or nutting. The surveyor is informed when the stays are ready for caulking, and should 
then take the opportunity of sounding a number of stays personally. By making a practice of doing so, 
and drawing attention in no uncertain manner if any are found unsatisfactory, the management concerned 
will invariably make sure that a trustworthy man is entrusted with the stay testing. Mr. Brown has 
referred to caulking of screwed stays and it would be interesting to know if he considers that a good 
fitting screwed stay, nine threads per inch, having nuts, requires caulking at the time of the boiler 
construction. 


In a large machine shop it may be found difficult, and unnecessary, to go round every machine and 
every bench once per week, and such a practice can only be systematically carried out in comparatively 
small works. ; 

In dealing with castings the writer has found that steel castings, at the present time, made by people 
who know their job, compare favourably with any iron castings, and to-day steel moulding is not looked 
upon as a difficult art involving the many failures it did in the past. 


It is considered with the checking of built up crank shaft that if the surveyor checks the shrinking 
allowance before the joining up takes place, and is satisfied this is in accordance with the shop practice, 
there is no necessity for the shrinkage to be tested all round on both sides by light hammering and a fine 
feeler. It would be a matter of interest if the author informed us if, in his experience, he has ever found 
a case where such a procedure was justified, provided the shrinking allowance had been checked. 


It is apparently usual for most builders to test the high pressure steam cylinder by hydraulic 
pressure to the classification society surveyors’ satisfaction. One thing not always clear is the minimum 
pressure which should be applied to steam cylinders and condenser shells ; perhaps the author may assist 
us in this connexion. 


The builders plant and methods are looked upon by these people to be their own, to use a quotation 
from the paper, * pet baby.” Iam of the opinion that in most cases, unless fully justified, criticism of 
such would be regarded as interference. 


If the work turned out is found to be defective then the surveyor is justified in not accepting it, and 
requires very little discretion in drawing attention to what, in his opinion, is the reason. 


Mr. Brown’s advice regarding keeping a book for all calculations is most heartily agreed with. 
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Dealing with Appendix I, there are a few points which probably might have been dealt with a 
little fuller. In connexion with furnaces having cracks or incomplete welds the action to be taken is 
given as “chip out and fill with electric welding ; if latter is not available punch a hole through, bring 
part to welding heat and weld in an iron rivet or punching.” Further down is the following : * Annealing 
is necessary after all hot work on plates.” Whilst not being in favour of the second suggested repair, are 
we to understand that after effecting such the furnace should be again annealed ? 


Reference is made to the depth and angle of countersink or rivet holes. This again is largely a 
matter of shop practice, and very rarely, if ever, shown on the approved drawings. Beyond the British 
Standard Specification for boiler rivets as a guide there seems to be no recognised standard as to what the 
depth and angle of countersink should be. The remarks of the author as to how the variations of depth 
and angle for different sizes of rivets should be verified would be welcome. 


Coming to the fit of the furnace into front end plate it is suggested that, if loose, the furnace must be 
opened out. With proper dies for flanging the front end plate, even if it is not machined afterwards for 
the furnace to fit snug, the opening should be approximately a true circle. 


If, and this is customary, the furnace is supplied according to the drawings, there should be no 
question of it being anything but a reasonable good fit. In the event of the furnace being a loose fit in 
the front end plate it is considered that the correct action would be to obtain one which fulfilled the 
proper conditions, and not, in new construction, to favour opening out as suggested. The amount which 
constitutes being a loose fit, and how the author would permit the opening out to be effected, would 
enhance the value of the paper. 


Two important points on which the author has not expressed any opinion, and which should come 
under the survey duties covered by the title, is the manner of testing steel and iron castings and steam 
pipes. Objection is taken to the manner in which the bodies of these castings are heavily hammered 
whilst subjected to hydraulic pressure three times or twice the permissible working pressure. A sharp 
blow on the end of one of the blank flanges will give all the shock required without damaging the metal 
locally. With steam pipes it seems a necessity to constantly impress that the hole in the jointing 
material for the flanges be made larger tnan the outside diameter of the pipe, and the only way to ensure 
this being done is to frequently insist on all joints being exposed after a test, and in the case of any not 
heing found as required to have a retest with the joints properly prepared. 

I appreciate the trouble the contributor has taken in the preparation of this paper and, with him, 
sincerely hope that material benefit to all concerned will be derived from the anticipated discussion. 


V. F. J. Sprowoxk (Augsburg). 


The author's friendly invitation to discuss some matters of detail in his very instructive paper is 
greatly appreciated. To begin with the foundry department, 1 may say that one should attend, whenever 
occasion is given, the cast of some of the more important castings, as, for instance, bed plates and 
cylinders of great heavy oil engines. Being no specialist in the matter, the only thing which can be done 
on this occasion is to observe and compare on the varidus foundries, the temperature of the molten metal 
when poured into the mould, and also the ventilation of the latter after the cast. It is said that one can 
judge fairly well from these two items the quality of the casting beforehand, and herewith the efficiency 
of the foundry in question to produce good and sound castings, but I think a great deal of time must be 
spent in the foundries in order to acquire the necessary experience for this purpose. 

During the further progress uf work, the most suitable opportunity of inspecting castings for greater 
visible faults is just after they have been cleaned from sand, but before there has been time to apply any 
repairs to them by patching, welding or other means. Smaller faults on the surface which do not justify 
rejection should be left as they are found, but carefully cleaned to the ground, and should not be faired 
in any way, certainly not by filling them up with iron, cement, or the like. 


In the forge, I think, it is particularly the annealing furnace which demands strictest attention. 
The suitability of its size for all kinds of forgings made in the works in question should be verified, and 
the pyrometers’ self-recording instruments should also be gauged from time to time by a precision 
instrument, or in hot baths of special molten metals from which the melting point is exactly known. — It 
is usual here, in this district, to mark the recording tape of the pyrometer with the surveyor’s stamp, if 
more important forgings, such as crankshafts and piston rods for 28.C.D.A. engines, are submitted to 
thermal treatments. Before a closer attentiun was given to thermal treatments, it happened sometimes 
that temperatures were not raised according to the necessities of the purpose desired, viz., stress relieving, 
normalising, refining. 

It is, of course, nonsense to raise the furnace temperature up to about 900° C. during the 
heat treatment of an engine part of, say 0°87 per cent. C, and this being done only in order to shorten 
the time of the thermal treatment, or to be able to treat at the same time engine parts of less carbon 
content in the furnace. The effect is that the material with the 0°37 per cent. C. content becomes 
overheated on the outer layers just where the test samples are trepanned, thus deteriorating the results 
of test. 

Though the ingots for most forgings are already tested by the local surveyors of the Society at the 
steel works recognized by the Committee, from where they are ordered, it is advisable to make some 
check tests by trepanning specimens from the original ingots (and also afterwards from the forging, of 
course), at least for the more important forgings. This is a good means of ascertaining whether the 
material has been deteriorated during the forging and annealing process in the engine works. 
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Very important is, as the author also points out, the weight of hammers for the work to be done and 
the size of ingots. Therefore, attendance is advisable when crankshafts of larger sizes are forged, and 
particularly when the crankthrows are twisted to the desired angles. Not only test specimens from both 
ends of the crankshaft, but also test specimens from the material close to the crank pin between the webs 
should be trepanned for the purpose of judging the degree of forging down and the efficiency of the 
heat treatment. 

Though most of the following remarks will touch many facts well known, nevertheless, | may take 
the liberty of dealing a little more closely with the subject. I may say the boiler shop is not a “pet lamb” 
but really an “enfant terrible.” And this even now, where boilersmith’s handiwork has mostly dis- 
appeared from the boiler shops, as the complicated and difficult manufacture of the old Scotch marine 
boiler is replaced by the more simple one of modern water tube boilers, Apart from this the outfit of 
most boiler shops has also been remarkably improved by employing nowadays tool machines and appliances 
of the most up-to-date style. By the way, on page 2, the author mentions the flanging of end plates and 
other parts. 

As one can observe in some boiler shops and rolling mills this is done in a nearly blue heat by means 
of heavy hand hammers. Where blower lamps are used for additional heating only a comparatively 
small area can be heated properly, and it cannot be avoided that blows of the hammer frequently strike 
places cooled down to blue heat. Even a material not submitted to any stress will become brittle in this 
state and incline to cracking. I should be glad to have the author's opinion whether the danger of 
formation of cracks is exaggerated or not with this procedure. 

One would think that the manufacture of a simple riveted cylindrical drum, such as are used for 
water tube boilers (and for starting air receivers too), would offer no cause whatever for complaints. But 
this is not the case. There are many delicate places to be watched during the construction of such a 
drum. It should be a commonplace of general knowledge that plates of shells, buttstraps, end plates, etc., 
ought to be adjusted to each other with such a degree of accuracy before drilling the rivet holes that only 
a minimum of subsequent adjustment becomes necessary, say hammering, pressing or the like in a cold 
or hot state. 

Adjustment of plates must be made cold as far as practicable, for the above mentioned reason of 
blue heat, and only by means of low pressures, if an hydraulic press is applicable, as high pressures would 
impair the material and cause the same bad consequences as cold bending, for instance, even to a higher 
degree in case of carelessness when heated afterwards for further adjustment. 

Where heating of plates for adjustment in place cannot be avoided it should be done over a fairly 
large area by means of coke ovens or blower lamps respectively. Autogenous welding torches are of no 
use for this purpose, as the high local temperature developed, and heating only on one spot of the plates 
in question, causes tensions in the material, leading sometimes to buckling of the plates. Subsequent 
straightening of such parts then involves further deterioration of the material and proves bad 
workmanship. 

Cold adjustment in moderate room temperature is the less dangerous method if carefully and 
gradually carried out. Direct hammering of the plates should be avoided, but set hammers used. Cold 
adjustment by means of a uniform low hydraulic pressure is always preferable. Of course, it must be 
remembered that it is rather difficult to get two plates so closely adjusted before tacking and riveting, that 
the area of contact between them and therewith the sliding resistance obtain the highest degree of 
perfection. 

Even highly skilled boiler smiths who know how to adjust, will sometimes fail. The cause is that 
the plates are never exactly rolled, but always differ somewhat in thickness, and even one and the same 
plate is not uniform in thickness either. It need not be added that the hydraulic riveting pressure should 
be appropriate to the thickness of plates and diameters of rivets in order to avoid impressions into the 
material around the rivet heads. With riveted cylindrical drums a very dangerous place which very often 
involves the parties concerned in many quarrels, is, where the buttstraps of the longitudinal joint of one 
shell course meet either the other shell course or one of the end plates. 

With thick plates it is advisable at these places where accumulation of material is present to have 
the rivet shanks machined to the true diameter of the rivet holes, so that they may fit fairly into the 
holes in a hot state and fill their holes perfectly, as contraction with cooling down takes place in 
an axial as well as in a radial direction. 


At all such delicate places and other ones known from experience, some rivets should be punched 
out afterwards for inspection in order to ascertain by means of a feeler, whether the plates are closely in 
contact around the rivet hole, and whether the rivet shanks when punched out bear the well known 
vertical marks of contact over their whole length. Before inserting, the hot rivets must be carefully 
brushed free from scale, particularly below the rivet heads, as scale below the rivet heads produces 
afterwards bad caulking effects. 

After the rivets have been cleaned from burr and after they have been countersunk, but before the 
riveting of the circumferential joint commences, in some works the shell plates are more closely brought 
toget her around the endplates by means of a ‘plate closer” (consisting of a copper die) under quite a low 
hydraulic pressure ; shell plates, butt straps and end plates being kept “together only by tack screws, these 
latter being successively hardened up after each pressing. Tack screws must be rather smaller in 
diameter than the rivet holes, in this way having sufficient space around them so that the shell plate can 
adjust itself under the hydraulic pressure in the most perfect way around the endplate. 


With a manufacturing method like this the hydraulic riveting of a cylindrical drum must always 
commence with a circumferential seam at a point just opposite the longitudinal joint of the shell, outer 
and inner buttstrap of this joint being also left tacked so that even during the operation of hydraulic 
riveting the shell plate retains the tendency to adjust itself as closely as possible around the endplates. In 
this way after the riveting of the circumferential joints is completed the adjacent edges of the 
longitudinal joint of the shell come close together. With this method, however, before inserting each rivet 
the corresponding hole must be faired by means of a reamer on account of the slight gradual motion of 
the longitudinal edges of the shell plate towards each other. 


The method of riveting first the longitudinal joint and the centre circumferential joint (in case the 
drum consists of two shell courses), and then fitting the end plates into the finished shell is not a good 
practice, as the flanges of the endplates will never fit into the shell so perfectly that subsequent 
adjustment of the shell plate to the endplates by heating and hammering is not necessary. 


In some works, however, sufficiently large lathes are available, so that the flanges of the endplates on 
their outside as well as the finished riveted cylindrical shell on the inside can be slightly conically 
machined, if the thickness is sufficient of course. 

In such a case also this latter method of manufacture guarantees good workmanship, as a final 
adjustment by hammering or pressing either in hot or cold state will not be necessary. The influence of 


shearing zones and the influence of oxygen burning should be removed by bevelling fairly the edges 
of such. places. 


It frequently occurs that during hydraulic riveting rivets become too cold, or the operators choose 
rivets of too small a diameter, since the space inside a cylindrical drum is sometimes rather narrow, so 
that inserting of a rivet and at the same time adjusting the hydraulic counter die is difficult, the 


consequence then being that the crushing of rivets is not perfectly done and the hole is not completely 
filled, 


With some experience such “ poor rivets” can be detected afterwards by hammering with a test 
hammer, further these rivets assume a somewhat reddish colour, and burr is not formed around the rivet 
heads by the hydraulic riveting operation. 

Some Works submit riveted cylindrical drums for boilers or air receivers to the official hydraulic 
tests before the rivets are caulked on the outside, sometimes on the inside too, in order to demonstrate 
good workmanship. 


By the way, cold rolling of shell plates to a comparatively small diameter is of no use, as the outer 
and inner fibres of the material are already stretched or wad oe ge respectively to about 7-8 per cent., 
viz., 1250mm. diameter and 30mm. thickness, 1000mm. and 25mm., 800mm. and 20mm. With a 
subsequent heating for adjustment, or even riveting, re-crystallisation effects appear. Further, it should 
be remembered that with all these phenomena of modification the time factor must be taken into account 
too. Temperatures of 200-300° C., or even less over a long period of service, will have similar effects as 
temperatures of 600-700° C. for a few hours. 

Mr. Brown’s good advice to induce the boilermakers to order all their material to be under this 
Society’s survey is well appreciated, and I may extend this good advice to the machine shops too. But, 
unfortunately, there is an obstacle against doing so, as some continental works have not to deal with only 
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one or two classification societies, but with a multiple of them. Further, with a lot of state officials, 
boiler authorities, inspectors of foreign customers and the like, each of them being rather anxious to have 
the rough material for their engines and boilers tested on the steel works by their own special officials. 

Now, for orders with normal time of delivery which come under this Society’s survey for instance, 
there are no difficulties whatever in getting the whole rough material from the ingot for forgings to the 
last rolled round bar for bolts, etc., tested by this Society’s local surveyors at the recognized steel works. 
Some difficulties, however, arise with urgent orders as, for instance, with repair work, ship’s departure or 
with orders of extremely short time of delivery. In such cases it is rather difficult for the works to 
comply strictly with the requirements of the Rules, as it is nearly impossible to have sufficient engine 
parts of all the various types of oil engines in stock, which have been tested and inspected by the Society's 
surveyors. 

The identification of forgings and steel castings during the manufacturing process means, of course, 
sometimes a considerable delay of the work, if the local surveyors shonld be by any chance abroad. But 
with some foresight on the part of the foremen it will be possible, in most cases, for the surveyor to put 
his stamp on a place of the engine part where it need not be machined off, and consequently be re-stamped 
too often, but can be left till the inspection of the engine part in finished condition takes place. Apart 
from this it is advisable before machining of the engine part in question commences, to make a lead 
print from the original identification marks of the local surveyor at the steel works. This would prevent 
any mistakes which might occur, if only the turner makes a note of the original stamping. The figures 
of the lead print are then re-stamped on the finished forging or steel casting, and in addition to this the 
private initial stamp, date of inspection, and running No. of the local surveyor at the engine works. 

The best occasion to inspect crankshafts in finished condition is in the lathe or in the grinding 
machine by means of a micrometer dial for ovality of journal and_ pins (ovality not to exceed 
(04-007 mm., according to the size of the crankshaft), and on the marking-off table for scantlings and 
angles of cranks. The inspection of the bores of hollow-bored crankshafts and the oil bores should not 
be forgotten, as well as all fillets, particularly in way of webs as cracks are mostly found here. 

A further inspection by means of a water level is desirable in the erecting shop, when the crankshaft 
is fitted in the bed plate with the main bearings adjusted. (Allowance for adjacent crank pins and 
journals 4—} marks on a water level having one mark = 0°36 mm.) The distance between the inner 
sides of both the crankwebs of each crank throw in the dead centres, and both positions of 90° of the 
crank should also be measured by means of a micrometer gauge and noted on a record sheet. The above 
distances must, however, be measured always on the same place on the inner sides of the webs, as far 
away as possible from the crank pin. 

For this purpose, a point is marked on the inside of the webs by means of a centre punch. In all 
four positions of each crank throw the individual distances must be the same, if the bedding of the 
crankshaft in the main bearings is properly carried out. After this is verified, Lloyd’s gauge should be 
prepared. 

Afterwards, when the bed plate, together with the crankshaft, is fitted on board ship, these distances 
between the crankwebs must be exactly the same as verified before in the erecting shop, in the above 
described manner, this being the best control that setting is level and no distortion to the bed plate is 
caused during its fitting on board. The distances between the webs can, of course, be measured in the 
lathe too. Both ways, however, can be employed with any success only for heavy crankshafts of engines 
of greater size, which have sufficient flexibility. Smaller crankshafts are too rigid for these methods. 
With all these measurements, however, the change of temperature of the material must also be taken 
into account. A few centigrades already cause a slight distortion of the ¢ rankshaft, so that all the 
measurements must be carried out at the same temperature, hollow-bored crankshafts being still more 
sensitive in this respect. 

During erection in the shops, all flanging, particularly between columns and bed plate, and columns 
and cylinders, should be carefully inspected by means of a feeler. Further, the true alignment of the 
moving parts can easily be inspected by means of special water levels, also the space around the pistons, 
without piston rings, in both dead centres should be verified. After the trials on the test bed, the 
crankshaft must be submitted to a further examination. After some days running, any repairs by 
welding on the surface of pins and journals become distinctly visible, as the colour of the two different 
metals—welded and parent metal—differ somewhat from each other. 


Coupling bolts should also be inspected on this occasion when taken out, as they are sometimes 
badly scored. They should, of course, be rejected, and new ones fitted after the holes are carefully reamed 
out. Before the engine is dismantled for dispatch, it is advisable to fit some spare parts such as covers, 
pistons, piston-cooling water devices, telescope pipes, etc., in order to ascertain whether all pipe connection 
and flange holes on the spare parts are properly provided. 


I cannot quite agree with the author’s opinion as to the use of sal-ammoniac for tightening even the 
smallest leakages on more important castings. The cast iron cylinder head of a great oil engine, for 
instance, showed under the hydraulic test, a small needle-pointed hole through which air bubbles and 
water beads escaped, this leakage being on a wall inside the inlet valve housing surrounded by the water 
jacket. After about half an hour's observation, the escape of air bubbles did not cease, not even after an 
hour or so. Though this very small hole, superficially judged, could have been tightened easily in some 
way, the cylinder cover was rejected, as it was too dangerous to haye any weak spot within a valve housing. 
When the cylinder cover was broken to pieces, just behind the small hole a hollow space of about 
» to 3 em. volume was found in the dividing wall which separated valve housing and water jacket 
(cooling water space). After some length of service, the thin walls enclosing the hollow space might have 
broken, so that the cooling water would have entered from the water jacket into the inlet valve housing. 
Further, it is advisable to fill cast iron bed plates as high as possible with gas oil, in order to test the 
tightness of the lubricating oil sump, particularly on the bottom and in way of chaplets. 


The repair of cast steel parts, such as cylinder heads and pistons for heavy-oil engines, on less 
dangerous places, by means of electric fusion welding may be agreed to, if the places to he repaired are not 
too numerous and not directly exposed to the combustion flame and, if the repairs are carried out after 
carefully chiseling out the faulty places to the ground under the supervision of the surveyor, and if this 
action is followed by an efficient thermal treatment, of course. Care should be taken that with electric 
welding excessive local heating be avoided. With some experience welded places can also be detected on 
the bright machined surface in the combustion spaces of covers and pistons, as the colours of the welded 
and parent material differ somewhat after the surface is exposed for some days to the oxydising effect 
of the air. 


The after ends of shrunk brass liners for new tail shafts are sometimes found a little slack, but not 
to such a degree that even the thinnest feeler would pass and judging only from the faint different sound 
when hammering this place and other ones nearby with a test hammer. If this slight slackness covers 
only a very small area of no more than, say, one inch in breadth around the circumference of the after end 
of the liner, I should think that pumping up with red lead would also do and rejection would not 
he necessary. 

With regard to the mass production of heavy-oil engines the parts going through the manufacturing 
process are marked when necessary with one, two and three dashes of red paint for identification, each 
group of dashes corresponding to one of the three leading Classification Societies on the continent. In 
this way at a glance each surveyor can easily trace his parts through the production. It might be 
suggested on this occasion that individual forging reports and reports on steel castings should be issued by 
the local surveyors in the steel works for each forging and steel casting separately, each report bearing 
further the Order No. of the engine works. This would immensely facilitate the duties of the local 
surveyor at the engine works, if variation of allocation becomes necessary in case several engines of the 
same type are under survey in the works at the same time. Also for urgent orders of various customers 
individual reports would be very advantageous. 


Co-operation with the owners’ representatives is sometimes a somewhat nerve-racking business, 
as opinions will sometimes differ with respect to the necessity of an engine part being rejected or not. 
The owners are entitled, of course, to demand a 100 per cent workmanship paying 100 per cent good cash 
on the table, but still there are cases where this 100 per cent workmanship is rather difficult to obtain, 
particularly with castings. 


In conclusion I beg to thank the author for his most instructive and valuable paper. 
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REPLY BY THE AUTHOR. 


Mr. Chairman and Gentlemen, thank you all very much for your attendance and patient hearing of 
this paper. Allow me to say that I appreciate very much the presence here to-night of so many senior 
colleagues and their kindly references to our associations. In particular, I wish to thank Mr. Ritchie for 
his exhaustive and helpful contribution with which, needless to say (we both having had years of 
experience in the same district) | am in almost entire agreement. The checking of boiler scantlings will 
be done from time to time, but the boiler note book into which all particulars will have been entered, 
when plan was received and working pressures worked out, will serve, and an additional book 
not required. 

Mr. Ritchie refers to leakage at bottom of circumferential seams caused by improper riveting 
methods. This is so, but another cause of this trouble is defective flanging. Small flats and scratches 
on the flange, due to a scored flanging plough, make perfect contact of shell and end plate impossible. 
The point about screwing stays in a machine with a leading screw is very important. The pitch of thread 
in a screwed bar of, say, 12 ft. long, may vary quite a lot if the screwing has been done in a machine not 
controlled by a leading screw. I remember giving a well-known boilermaker a shock by challenging him 
to count the number of threads, in lengths of 2 ft., at various parts of different bars screwed by the same 
die. No two results were alike. I am sorry I have not the figures available. 


I am afraid I cannot agree with Mr. Ritchie in advocating the abolition of caulking of stay tubes. 
The efficiency of expanding tubes varies inversely as their thickness and the efficacy of expanding a thick 
stay tube is problematical. The reference to pressures in hydraulic riveters is welcomed. The pressures 
to be used must vary, within limits, according to the thickness of plates and consequently diameters 
of rivets being dealt with. Hydraulic riveting machines are provided with regulating valves for control 
of pressure. If too great a pressure is employed in closing a seam one will find the plate edge bulging 
outwards opposite the rivet hole. If such condition obtains, the plate must be “scrapped,” as the next 
thing to happen will be cracking between the holes or from the hole to plate edge. 


Mr. Ritchie is to be thanked for drawing attention to the ill effects of marking of the radius of a 
flange by the die of a hydraulic riveter. Many of us remember the case to which he refers. I should 
like, further, to add that the rings used in flanging of furnace mouths may also cause similar trouble. 
Any marks so made—even though slight—should be ground out before the annealing process. 


The remarks on crankshafts are much appreciated. The building of a crankshaft is such an 
important part of engine construction that, possibly, more space should have been given to it in the 
paper. However, the deficiency is made good by Mr. Ritchie. Of the points he makes quite the most 
important is that of smooth finish, but, personally, I am not very keen on grinding. With this process 
there is the possibility of emery dust being pressed into the steel. Some engine builders were forced into 
giving up grinding cylinder liners for this reason. Whilst admitting the fundamental difference between 
the structure of cast iron and forged steel it is, nevertheless, contended that the danger remains, and also 
that boring can be done just as accurately and as smoothly. 


Mr. Reed asks if work can be looked after in the manner presented, or whether I simply state an 
ideal. Well, I set out to introduce a practical discussion, and I think I have only been practical in my 
introduction of the subject. By working on a system a lot can be done. Regarding his question about 
the hydraulic: testing of tail shaft liners. I have known this done, but consider visual examination 
sufficient. 

Mr. Forsyth, by supplying shrinkage curves, has given us some useful information, and [ thank him 
very much. He rightly draws attention to the evil of reducing the axial dimension of webs to secure a 
shorter engine. His fears in regard to the use of gas for heating are not shared, it being a simple matter 
to get a correct gas mixture and avoid an oxidising flame. An important point in the shrinking of pins 
into webs is to have the correct lubricant. Pure castor oil is recommended. 


May I represent that Mr. Sdrowok has given us a particularly useful contribution. It is refreshing 
to get views from abroad. The points he raises are interesting and the information he supplies, 
particularly in regard to the forge, is of real value. I fear, however, that in this country the verification 
of pyrometers would be asking rather a lot for ordinary “ work-a-day ” practical surveying. 
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Flanging in these days is almost entirely done by machine, and the question of hammering at a blue 
heat should not obtain. Certainly, work done at such temperature will cause stresses which may result in 
failure. Lamps should not be used for any but the slightest of local adjustments—the heat is too localised. 
If, for example, the corners of the sections of a boiler front require adjustment, such should be done after 
heating over a coke fire, and the plates should be subsequently annealed. Mr. Sdrowok also refers to cold 
adjustment by hydraulic pressure. Such, of course, is the only practical method of closing end plates 
and combustion chamber wrappers. No evil result provided, as Mr. Ritchie points out, the pressures used 
are not excessive. 

The reference to testing of boiler drums by hydraulic pressure before caulking rivets raises the 
question: Why caulk rivets at all? If they are good they don’t need it, and if they are not good they 
shouldn’t be there. I am pleased to find the use of water levels brought to our notice. It 1s a most 
excellent and accurate process, and deserving of wider adoption. 


Mr. Sdrowok has assumed too much from my mention of the use of sul-ammoniac with iron castings. 
In the examples he mentions one would not apply this expedient. I was referring more to its application 
to remedy slight defects in steam cylinders, which will yield to such treatment. Castings which are 
cooled by circulating water and which will require, through time, to be cleaned with a chemical fluid are 
unsuitable for such treatment; but, apart from this fact, where the pressures are high no form of 
* faking” (to use, perhaps. a cruel word) is permissible. 

The testing of cast-iron bedplates by gas oil is a severe business, and one which, I fear, does not 
commend itself to commercial engineering. In this connection I would mention that in my own 
particular district I have tested built-up electric welded bedplates by filling with paraffin, and that the 
makers accepted such specification. This practice is a sure proof of the quality of a weld, and is 
recommended. 

Mr. Brooke-Smith has shown considerable interest, and submits several questions on matters of detail 
which I will take in turn, in so far as they have not been already dealt with by myself or contributors to 
the discussion. 

Regarding arbitration, he is taking my remarks in, shall we say, too “legal” a sense. A surveyor 
who will have from twenty to possibly forty jobs through his hands in the course of a year for various 
owners and at various works will certainly, at some time and in some way, be asked an opinion, to answer 
which, will be putting him on one side or the other. It is on this account that the point is raised, 
primarily for the benefit of those early in their careers, and is now emphasized. Mr. Smith also says that 
a surveyor is only expected to see that rules are carried out. Well, that is, I suppose, the ‘ legal” 
aspect ; but owners and builders have, rightly or wrongly, got to the stage of regarding assistance and 
interest by the surveyor as their due. 

Mr. Brooke-Smith raises several questions on the subject of furnaces. It must be remembered that 
plain furnaces still find considerable favour, and it is the usual practice to make this type at the works 
where the boiler is built. The author has, at various times, had in all, something like ten firms in his 
districts where such practice prevailed, and the remarks on furnaces were more particularly applicable to 
the requirements of inspection at this class of works. In regard to corrugated furnaces, a very useful 
paper has already been contributed to this Association. 


The question of welding furnaces has been mentioned, and it may be of interest to state that the 
electric process has been tried with very satisfactory results, although it still remains to be seen what 
corrosive effects may occur over a period of years. 

When a furnace mouth is flanged into a front end plate, the hole will be circular, but difficulties 
arise when the second, third, and perhaps fourth mouth is flanged, not to mention also the disturbing 
effect of flanging the manholes. The tendency is for the work on the subsequent flanges to draw the 
previous ones out of truth. Stiff rings with wedges or solid flanged rings are used to preserve truth of 
shape, but “dead” true results are not always obtained. There is always a slight error, but every effort 
is necessary to keep the error small so that * boring” will remove it. This “boring” should be really 
only “skimming,” as a pronounced eccentric finish is not acceptable. The best practice when ordering 
corrugated furnaces to a drawing, is to stipulate that final measurements will be sent later. 
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After flanging furnace mouths, and machining, the correct tape measurement of circumference of 
furnace mouth will be supplied to the furnace makers for the requisite adjustment, as their facilities and 
aptitude for opening or closing the furnace are superior to those of the boilermaker. The question of the 
amount. of slackness which may be considered to be a bad fit has been asked. This depends on the 
diameter and thickness, but, as an average, I would consider anything over ¢ in. difference in diameter, 
excessive. 

I wish that practice could confirm Mr. Smith’s contention that when holes are drilled in place unfair 
holes are rarely met with. No matter how closely work is tacked, “ growing” takes place with riveting, 
and riveting must be started from various points, intelligently selected, if unfair holes are to be avoided. 

The author could quote numerous practical examples where rimering has had to be resorted to and 
would add that in most of them every possible care ad been taken, The above gives one of the answers 
to the question of what objectionable features obtain in riveting. Other bad features are :—too short or 
too long rivets ; under-soaking of large rivets: overheating and burning of all sizes of rivets; excessive or 
unnecessary caulking. 

The practice of closing ahead and going back over for hardening rivets is necessary with pneumatic 
riveting as with hand riveting. The operation will, of course, be done by hand. 


The reply to Mr. Smith’s question on caulking of stays is—Yes. In regard to stay tubes—No. 
The process of tapping the latter is slower and the threads consequently are better—also the tubes are 
expanded. The fact that a good fitting stay is fitted with a nut is no dispensation from caulking. The 
_ stay would not go through the plates unless it was of lesser diameter than the hole, and the nut would not 
be sufficient to ensure tightness under pressure. Its function is to support the plate. 


The percentage of rejections of steel castings is still very high and it is also a fact that many 
castings are scrapped by the foundry and never submitted to the surveyor. What would happen to a 
steel foundry without a welding outfit? Until we find foundries not so equipped I submit that steel 
castings require more than casual examination. 


Mr. Brooke-Smith enquires if I have ever found justification for testing a built shaft by light 
hammering and a fine feeler. Yes, | remember one case in particular of a large crank shaft between a 
web and body piece, of which I was able to get a feeler over a considerable area, and extending in depth 
to a maximum of nearly two inches. Light hammering enabled the full extent to be traced by the 
consequent exuding of miniature oi! bubbles. 


It is not thought that a personal check of shrinkage measurements is advisable. The job is better 
done, under observation of course, by a mechanic who is doing such things ‘*day and daily,” and who 
will have the requisite sensitive touch. 

The usual hydraulic test for steam cylinders is 15 times the working pressure. For condensers 
15 Ibs. per sq. in. is sufficient, in view of the fact that the stress applied is in the opposite direction to 
that obtaining under working conditions, an important consideration as far as the shell is concerned. 

The practice of hammering a casting whilst under full test pressure is disapproved ; a light tapping 
in the vicinity of a revealed defect to confirm its extent is permissible with steel or bronze castings. In 
testing main steam pipes a smart tap on the hack of a flange and also on the pipe near the flange is 
advisable. 

In conclusion, may I repeat my thanks to those who have contributed to the discussion. The 


questions raised and the information supplied are much appreciated. 
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THE MANUFACTURE AND HEAT TREATMENT 
OF STEEL FORGINGS. 


By ©. 8S. PORTER. 
ReaD 7TH FRBRUARY, 1935. 


Anyone who, having been accustomed to the manufacture of iron forgings, takes a walk into a 
modern forge, will be impressed by the great progress that has been made since the introduction of the 
steel ingot. Forging presses from 500 to 12,000 tons power have taken the place of steam hammers and 
rows of heating furnaces will be seen, capable of dealing with ingots from 10 to 100 tons in weight. 

With iron forgings the forgeman is responsible for the manufacture of his own material, by the 
piling and shingling of scrap iron into slabs, these afterwards being laid on, welded and forged, and the 
process continued until the required article is complete. In the manufacture of steel forgings all this 
has changed, the forgeman has nothing whatever to do with the making of the ingot which is supplied to 
him sufficiently large to forge down to the required shape and of suitable analysis for the required tensile 
and other properties. In the former process the forgings were built up piece by piece, and in the latter 
process they are forged from a solid ingot and so the method of forging has undergone a considerable 
change. Again, the great developments which have taken place in the science of engineering have caused 
a demand for forgings of such strength and resistance that very great care has to be exercised in the 
various stages of manufacture, if the desired results are to be obtained. In some cases the demands are 
so high that ordinary carbon steels will not satisfy them, and alloying metals have to be added to the steel, 
a matter which will be dealt with later. 

The introduction of science into the smithy and forge has, to a large extent, been responsible for 
many changes of method, and the research work carried out by metallurgists with the aid of the microscope, 
has proved invaluable to all engaged in the manufacture of forgings. This observation is not intended 
to discredit the smith or the forgeman, there are no better craftsmen in the world, and their skill and 
knowledge are seldom appreciated by those outside. It must, however, be acknowledged that, in the 
manufacture and heat treatment of steel forgings, scientific principles govern the larger part of the 
work. The author, trained in the smithy and forge, has acquired the practical knowledge which only 
such training can give, but soon realised the value of scientific knowledge and the need for co-operation 
between the metallurgist and the smith and forgeman. To-day, wherever important forgings are 
manufactured one sees close co-operation between these two branches. Whilst it is true that all the 
scientific knowledge in the world will not, in itself, turn out good forgings, it is equally true that if the 
smiths or forgemen took advantage of the facilities offered to-day to study the scientific principles which 
govern their work, they would be even greater craftsmen. 

For a great many years soft, or low carbon steel, has gradually taken the place of wrought iron, due 
to its lower manufacturing cost and high tensile properties, but in spite of this, wrought iron is still 
preferred for several purposes. Many claims are made for wrought iron, chief among them being its 
superior resistance to corrosion and its resistance to the propagation of cracks. For the large and 
important forgings made to-day, wrought iron is not used, indeed it would be difficult to imagine how 
some of the work at present forged from steel, could be made from wrought iron, even if it was @ 
commercial proposition. Accordingly this paper will be confined to forgings from the ingot. 


Tue STEEL [NGor. 

The Siemens Martin Open Hearth process is the most popular method for the manufacture of steel 
ingots. The moulds are made of cast iron and, for ingots for forging purposes, they are usually of the 
fluted octagonal type, tapered, and open at both ends. The molten metal is run from the furnaces into 
ladles, and from these the moulds are filled. The ingot essentially has a cast structure and is grossly 
erystalline. 


It must be appreciated that in practice, we cannot get a perfectly clean steel free from impurities, 
but, if sufficient care is taken, comparatively clean steel can be produced. The steel makers must be given 
credit for their efforts to manufacture a good clean steel and for the manner in which they endeavour to 
meet the demands made upon them, but in spite of this we do occasionally find segregations of impurities 
which may give rise to serious defects in the finished forging. 

In the process of smelting, the sulphur and phosphorus have to be kept as low as possible and the 
carbon reduced to the necessary requirements. Manganese is an essential constituent in the manufacture 
of steel, it increases the tenacity, is a powerful deoxidizer, and also takes up most of the sulphur which 
cannot be removed in the melt. Without its presence the steel would not be workable, as the sulphur 
combines with some of the iron to form iron sulphides, which, when the metal solidifies, separate out and 
form a network round the crystal boundaries. Under these conditions the steel would be termed “ hot 
short,” and would break up during forging. With sufficient added manganese this is obviated, as it unites 
with the sulphur which has not been removed, to form manganese sulphides, which, on solidification, 
appear in the shape of globules throughout the mass. The presence of sulphides cannot be avoided in the 
manufacture of the ingot, but if well distributed they do not give cause for undue anxiety in the finished 
forging. 

Unfortunately, we do sometimes find steel with quite an abnormal number of impurities segregated 
throughout the mass, which when forged down are drawn out into finely extended threads, and, if near the 
surface, may give rise to serious defects. Slag inclusions are another source of trouble in steel. The 
presence of small particles of slag cannot be avoided in the casting of the ingot, but when considerable 
quantities are prevalent, they are a source of danger. After forging they may appear in various sizes and 
shapes and may be responsible for a concentration of stress and the commencement of a fracture. 

Other defects in the finished forging can be traced to the presence of blow holes in the ingot. If the 
molten metal is oyer-oxidized, or not properly killed, it is lively and effervescing when poured into the 
ingot moulds and the gases are trapped as the metal solidifies and form blow holes. Ingots found to be 
honeycombed with these holes are scrapped as unworkable, but such an occurrence is rarely seen to-day. 
Occasionally in the machined forging, one has evidence of blow holes which have been near the surface of 
the ingot. They may be seen during rough machining, but in some instances do not appear until the 
final machining, when a number of small straight lines appear, from } in. to 4 in. in leagth, running 
parallel to the direction of forging. A very fine cavity may be felt with the thumb nail as these small 
holes have been flattened and drawn out by forging, but they are not completely closed owing probably to 
a film of oxide in the original cavity. 

Generally speaking, the presence of impurities in the ingot is not the concern of the forgeman, or 
interfere in any way with his forging practice, this is entirely a matter for the inspector when the forging 
is machined. 

There is one thing, however, which does cause the forgeman a great deal of trouble and this is known 
as “splash.” When the molten metal is first poured from the ladle into the ingot mould, the long stream 
strikes forcibly against the bottom and, if the necessary precautions are not taken, rebounds and splashes 
the sides of the mould. These splashes quickly solidify on coming into contact with the walls of the 
mould and become covered with a film of oxide which prevents them from merging into the mass of metal 
during solidification. Splashing gives rise to a shell of loose metal on the sides of the ingot and shows up 
very quickly when forging is commenced. When such symptoms are apparent, all forging should be 
stopped and the loose metal removed, large ingots being allowed to cool right down before this is done. 
This, of course, entails a considerable loss of time and money, but it is by far the safest course, as 
otherwise, if the precaution is neglected, the whole work may be subsequently scrapped. 

Many of the changes which take place during the solidification of the molten metal in the ingot 
mould are beyond the scope of this paper, but at the risk of being considered elementary, a brief description 
might be given of this phase in order to explain the cause of segregation in the upper central axis of the 
ingot. The mould, as previously stated, is tapered, the wide end forming the top, and when filled with 
molten metal, cooling takes place by radiation through the walls. he first effect is the chilling of the 
metal in contact with the sides of the mould, forming a thin layer of quickly solidified steel and, as freezing 
continues, large columnar crystals are formed growing at right angles to the sides of the mould. 

The formation of these large crystals is arrested by the delayed freezing of the inner metal, forming 
a zone of smaller crystals which continue to separate out until the whole mass becomes solid. Thus it 


will be seen that solidification commences at the walls of the mould and proceeds towards the centre, 
where the metal retains its heat much longer and, being the last to solidify the centre will contain a 
greater portion of the impurities. During the cooling process a great deal of shrinkage naturally occurs 
and this leads to what is known as “pipe.” If plain moulds are used, one finds, after cooling, a large 
axial V cavity extending downwards to perhaps one third of the length of ingot (Fig. 19), but in the 
manufacture of good quality steel, a portable cast iron head, brick lined inside and smaller in diameter 
than the ingot, is previously fitted on to the top of the mould and is also filled with the molten metal, 
Owing to the insulating properties of the brick lining, this metal is kept in a liquid state and, by acting as 
a feeder, prevents the formation of cavities which otherwise would form in the ingot proper when shrinkage 
occurs. When this method is adopted practically all the pipe forms in the head (Fig. 20), and after this 
is removed, good sound metal is generally found, but if care is not exercised in using the correct type of 
mould a secondary pipe may form lower down the ingot (Fig. 21), and cause a great deal of trouble in the 
subsequent forging. It will be appreciated how necessary it is to see that sufficient discard is removed 
from the ingot to ensure good sound forgings, for if only a small cavity or pipe is left, it may, after 
forging, draw out to a considerable length. 


Forcing TEMPERATURE. 


If a mild steel forging is heated to a temperature considerably above the Ac 8 point (i.e., 900° C. app.) 
and then allowed to cool slowly without any work being put upon it, there will be evidence of large grain 
growth, and the steel will be coarsely granular and brittle. Here, it will be seen that forging serves a 
double purpose, for during this process, the ingot is reduced to the dimensions required and the coarse 
grains are broken up and the structure refined. If, however, the forging is finished at too high a 
temperature, grain growth will again take place showing that the reduction of grain size depends not only 
on the amount of forging but also upon the temperature at which the process is completed. Therefore it 
is necessary, when determining the initial forging temperature, to take in account the amount of work to 
be done, so as to complete, as near as possible, at the correct finishing temperature. The old saying 
“strike the iron while it is hot”’ is much in evidence in the smithy or forge and it is the aim of all workers 
to get as much as possible out of each heat and it naturally follows that the forging temperature is raised 
as high as safety will permit. 

The melting point of iron is about 1500° C., but the addition of even a small percentage of carbon will 
depress this to about 1450°C., and, as the carbon is further increased so will the melting point be further 
depressed. Therefore carbon content determines, to a great extent, the thermal treatment of steel. As we 
are at present dealing with the plain carbon steels, of 28-82 tons tensile grade, such as is used in the 
manufacture of marine forgings, we may assume the average analysis to be :— 


C. M. Sul. Phos. 


25 ~~ *60 12°05 “O05 


In this case the forging temperature of the ingot will be about 1250° C., provided the forging 
process is continued until the heat falls between 700° C. and 800°C. It is not desirable to continue 
forging below 700° C., and the job should be reheated if further forging is required. If only a small 
amount of additional forging is necessary to complete this operation, then a reheat temperature of 
1250°C. would be too high for work to be finished at the proper heat. Nothing is more tempting to the 
forgeman than to go on working although the heat has fallen below 700° C., especially if he has only a 
small amount of work to finish the forging. The press is a powerful tool, but the steel will have become 
hard, and additional work increases the hardness, so that considerable power is required to effect further 
reductions. While subsequent heat treatment will relieve normal forging strains, cold work, if persisted 
in, may give rise to cracks or rupture which no form of heat treatment will rectify, and, as these defects 
are usually situated in the centre of the forging, their presence may never be detected. 

Another matter of considerable importance is the time factor in raising the ingot to the required 
temperature and the necessity of securing uniformity of heat throughout the mass of metal. If due 
care is not exercised trouble may ensue, causing failure of the forging in service, in spite of the fact that 
it is made of good clean steel. If a cold ingot is charged into a hot furnace, the sudden application of 
heat to the surface of the steel will cause an expansion of the exterior, whilst the centre is relatively cold. 
This may cause an internal rupture or ‘clink,’ the presence of which is serious enough in any 


forging, but particularly so in hollow forgings, such as drums which have to withstand high pressure. 
The iarger the diameter of the ingot the more susceptible it is to heating ‘clinks,” and, owing to this 
risk, it should not be allowed to cool in the mould but be stripped while hot and charged into a heating 
furnace, the temperature of which is no higher than the ingot. The temperature can then be slowly 
raised, held for a while, and this process repeated until the lower change point is reached, i.e., 700° C., 
after which it can be gradually and continuously heated until the forging temperature is reached. This 
entails a good deal of time, but it is only by such precautions that a uniform temperature throughout 
the ingot can be assured. It has been stated previously that the carbon content determines the forging 
temperature of steel, and the following may be regarded as a safe guide for plain carbon steels :— 


C. Forg. ‘Lemp. C. Forg. Temp. C. Forg. Temp. 
“25 1250° C. *B5 1220° C. eo) 1190° C. 
It should be observed that steel, raised to this temperature and allowed to cool without any work 
being put upon it, would be considered as overheated. 


ForGinGc TECHNIQUE. 


The manufacture of a forging starts with the selection of an ingot, sufficiently large in cross section 
to ensure that adequate work can be put upon it as will convert the original cast structure of the metal, 
and experience has shown that the rules of the Society, which require “that the cross sectional area of 
the body of the forging (as forged) shall not exceed one-fifth of the sectional area of the original ingot, 
and no part of the forging (as forged) is to have more than two-thirds of the sectional area of the original 
ingot,” have made ample provision for this. 

A further consideration is the amount of material to be left on for machining, but for this provision 
there is no hard and fast rule. It must be borne in mind, however, that a fully machined forging must 
have a perfect surface and nothing in the way of cracks, inclusions, etc., can be tolerated, nor can any 
methods such as welding be allowed to remedy these defects. The author considers that a generous 
machining allowance should be left on ingot forgings, particularly on large ones ; partial machining often 
reveals a number of surface cracks, or perhaps traces of seams which have been formed by overlaping during 
the forging process, but these defects will, in general, be completely removed by further machining, 
leaving the finished surface of the forging perfectly good and clean. Experience has shown that many 
shafts have been rejected for surface defects which entirely disappeared when the diameter was further 
reduced by, say, a quarter of an inch, indicating that these shafts were lost through the machining 
allowance being insufficient. 

Mention has been made previously of dirty steel, but it is not suggested that a generous machining 
allowance will be of use if inclusions persist throughout the forging, for while some may be removed 
during rough machining, others will probably appear in the finished shaft. Neither is it suggested that 
an excess of metal should be left on the forgings, which is not only bad forging practice, but it is also a 
very uneconomical way of producing forgings. 

If we take, for example, a shaft which has to be finished at 15 in. diameter, a reasonable forging 
size would be 164 ins., this would allow for } in. of metal being removed around the shaft; for smaller 
sizes this allowance could be reduced, while for larger diameters it should be proportionately increased. 
Where defects of some depth appear on one side during rough machining the allowance would also permit 
of the centres being altered and the defects being removed. ‘The handling of the ingot is another important 
consideration and attention must be given to securing a perfect balance during the operation of forging ; the 
ingot shown in the illustration is of the fluted octagonal type with the shrinkage cavity in the head and 
as such ingots are comparatively short and may weigh from ten to 100 tons, an attachment known as a 
‘“ Porter-Bar” is used so that they can be conveniently handled during forging operations, also whilst 
charging into, and lifting out of the furnace 

One end of the “ Porter-Bar” forms a socket into which is fitted the ingot head, being secured by a 
number of large stud bolts. The ingot is slung in the crane and large ring weights are placed over the 
end of the bar as a counter-balance. When a long forging is being worked at its centre it is supported 
by a crane on each side of the press, whilst during the expanding of hollow forgings, the mandril is 
supported in a similar way, no balance weights being necessary. The cranes are electrically controlled and 
the turning, forward or backward movements of huge masses of hot metal are carried out with ease and 


precision although not handled, except to keep the bar at right angles to the press. For simplicity we will 
call the top part of the press, which comes in contact with the metal when squeezing it, the “head,” and 
the lower part, which resists the pressure, the ‘tanvil.” The flat type of head and anvil is most often used, 
the Jength and width of face being varied as occasion demands. Width of the tools, however, is the more 
important dimension for forging, as, if they are very wide, the flow of metal will be directed not only in 
the longitudinal direction of forging but also spread in a lateral direction which, in the case of a shaft, 
would necessitate a good deal of unnecessary work for the forgeman. It will therefore be seen that when 
a drawing-out process is required, the head and anvil of the press should be fairly narrow, whilst if the 
ingot requires to be spread, much broader tools are necessary. Various shapes of tools are used for 
different types of forgings and these can be quickly fitted to take the place of the flat type. These shapes 
consist chiefly of :— 


PLATE 22. 


Brckina Toon. 


PLATE 23. PLATE 24. 


Vix Toon. CREsSING ‘TOOL. 


The vee tool takes the place of the anvil, the ordinary flat head being used as shown in the sketch. 
The cressing tools are mostly used for hollow forgings, and it will be seen, from the illustration, that by 
this method a greater area of metal is covered at each pressure, while, in the case of hollow forgings, 
bulging at the sides is reduced to a minimum. The becking tool, which takes the place of the head, is 
used for expanding hollow forgings and is fitted to run parallel with the central axis of the forging as 
shown in the sketch. The action of this tool is similar to a blacksmith’s fuller, and it is used up to 
14 ft. in length. It will also be observed that the anvil is removed for this operation, and the mandril is 
supported at both ends on iron blocks. ‘Two cranes, one on each side of the press, working in unison, 
give the forging a slight turn after every press, and expanding is carried out very quickly. 


It has already been stated that forging refines the structure by breaking up the coarse ingot crystals, 
and greatly improves the mechanical properties of the material, but it should also be noted that by 
producing a flow of metal in the direction of forging, much better results are given on a test piece taken 
parallel to the flow (length test) than one taken at right angles to the flow (cross test). The existence of 
this transverse weakness should be borne in mind, particularly when manufacturing forgings of complex 
design. 


Giolitti, in his “Heat Treatment of Soft and Medinm Steels,” makes the following observation 
regarding transverse weakness. ‘In a very rudimentary and purely intuitive way, we may think that 
the longitudinal stresses have a tendency to displace the structural elements of the steel one from the 
other, causing intracrystalline and intercrystalline slip in a direction parallel to that of their best 
developed surfaces of contact; while transverse stresses have a tendency to separate the said structural 
elements without slipping. In the latter instance, the simple breaking of contact in a small portion of one 
of these adhering surfaces causes a fissure normal to the direction of the stress. That is to say it is so 
placed as to be apt to become a ‘ breakage primer’ splitting open the elementary surface on a continuance 
of the stress, and causing a rapid and very large decrease in the adhesion between the two structural 
elements considered” and further, ‘In a general way it may be stated that a transversely weak steel 
possesses transverse mechanical properties which are always a great deal inferior to the longitudinal. The 
inferiority shows particularly in the figures for elongation and still more remarkably in the reduction of 
area and brittleness.” 


Heat treatment considerably improves the transverse strength but nevertheless the flow of metal is a 
very important consideration in forgings of intricate shape. A simple illustration can be given in the 
manufacture of a bolt; an etch test taken from a bolt turned from a bar, compared with one forged by 
upsetting to form the head, will reveal in the latter a strength in the neck of the bolt, owing to the flow 
of metal, that does not exist in the former case. Where a sudden change of section occurs, forging should 
be resorted to, instead of machining off, because, although the reduction may only be small, the flow of 
metal caused by forging will give greater strength in the region of the neck. In view of what has been 
said, it will be appreciated that, in forging practice, methods have to be adapted to suit the requirements 
of the job, and illustrations of such methods will be furnished later. It is only necessary, at this stage, to 
point out that it is advisable to follow the manufacture of important forgings from their commencement, 
otherwise, if they are not seen until presented for the selection of tests, the forging history will not be known. 


We will now deal with the manufacture of some of the larger types of steel forgings, commencing 
with an intermediate shaft 14 ins. to 15 ins. diameter, for which the suitable ingot would be a 364 ins. to 
38} ins. octagon by 110 ins. long, the weight, including the head, being about 20 tons. It is customary 
to forge these shafts in pairs and, from an ingot of the dimensions referred to, two shafts could be forged 
and afterwards parted in the machine, while, with a forging press of sufficient power, each shaft could be 
made in one heat and completed at the correct finishing temperature. 


No time should be wasted when the heat is under the press, the more rapid the operation the more 
work can be put on to the forging during the permissible range of temperature. On Plate 1 (Figs. A, B, 
C, D) will be seen the various stages of forging required to complete the shaft. The ingot is first forged 
down to a diameter slightly larger than that of the coupling, and then top and bottom necking tools— 
the cross section of which is indicated by the depression made in the forging (Fig. B)—are used to form 
the collar. The bottom necking tool rests on the anvil, while the top tool is manipulated by a workman, 
and it is important that these tools should be in an exact vertical line, otherwise the collar will not be 
perpendicular to the axis of the shaft. 
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It is also essential that they should be at right angles to the forging, as since the tools are squeezed 
cireumferentially into the hot metal, it will be apprec iated that, if this precaution is not taken when a 
complete turn has been made, a spiral groove will be formed which may cause pieces of metal to be 
chopped off and pressed down into the neck of the shaft. After the end collar is formed, the second one 
is marked off further up the forging and the process repeated, careful attention being given to the 
distance between the two collars, as, if this distance is too small, the shaft will not draw out to its 
required length, while if it is too great, the diameter will be much too large when the shaft is completed. 
Plate 1 (Fig. B) gives an illustration of a shaft ready for forging down after the collars are formed. 

During this operation the cross section of the forging is kept perfectly square until the sides of the 
square approximate to the desired diameter, after which the corners are forged down to complete the 
operation. It is during the forging of the body of the shaft that cold work is most likely to occur, and, 
as has been previously stated, work should not be continued when the temperature has fallen to 700° C. 
It will also be found that, as the heat falls, the forging will not be uniform in temperature, the centre 
may be well above the range, but the extremities, particular ly the corners of the square section, will be 
much cooler. The steel has also become tougher and its resistance to the press greatly increased. 


The known line of weakness which exists along the diagonals of the cross section necessitates great 
care when forging the body of the shaft, and experience has shown that if the cross section is allowed to 
become rhomboid and the temperature to fall rather low before starting to work on the corners, the 
forging is predisposed to.rupture. It is also bad practice to prematurely round up the corners, as if the 
body of the shaft has to be considerably reduced in the rounded condition, internal rupture may occur if 
the heat has fallen to the danger zone. Plate 1 (Fig. C) shows one intermediate shaft forged with test 
piece on the end and the collars formed for the second. After the completion of both shafts, the forging 
is normalized as described later, removed to machine shop and parted through the centre. 


Propeller shafts are forged in a similar manner, but naturally they are made more quickly, only one 
collar having to be for med, while the forgeman is not so restricted to length as with the intermediate 
shafts. They also can be forged in pairs, tests being taken from each end. 


On Plate 2 will be seen the different stages of forging employed during the manufacture of a thrust 
shaft. An octagonal ingot measuring 42 ins. to 44 ins. diameter, about 26 tons weight would make two 
shafts each about 16 ft. long by 15 ins. diameter with a large centre collar. The ‘ingot is first forged 
down to the diameter of this large collar (Fig. B) and afterwards drawn out at each side, to the diameter 
of the coupling (Fig. C). Subsequently the shaft is for ged down to the required size, Fig. D giving an 
illustration of one pt shaft, the other end of the ingot being forged ready for forming the centre 
collars of the second shaft. If only one thrust shaft is ‘required, this remaining half may be used for a 
propeller or intermediate shaft. It 1s always advisable to leave a little extra machining allowance on the 
diameter of the centre collar since this may be slightly eccentric, while it is also necessary for the forgeman 
to give careful attention, not only to the length between the end couplings, but also to the distances of 
the centre collar from these couplings. 


When dealing with connecting rods we find the sections of the tee and fork ends are much greater 
than that of the rod, and in order to meet the Society’s requirements, i.e., “No part of the forging (as 
forged) shall be greater than two-thirds of the original sectional area of the ingot,” this necessitates the 
casting of fairly large ingots from which several connecting rods can be made. 


Plate 3 illustrates the methods adopted in the manufacture of these forgings, Fig. B showing the 
ingot forged to a section large enough to form the fork end, and necked in readiness to be drawn down as 
shown in Fig. © to a section sufficiently large to make the tee ends. It is again necked and the rod 
forged to the required size with the test piece on the end, and then twisted to leave the ends square with 
each other. Plate 4 gives an outline of the forging practice in the manufacture of piston rods, and for 
this simple operation no further observations are . considered necessary in view of what has been previously 
described. The same may be said of the side connecting rod for the Doxford engine, except that these are 
considerably longer than the usual type having an overall length of 15 to 18 ft. It will be seen on Plate 5 
that the ends of these forgings are exceptionally large, and after they are formed (Fig. C) a considerable 
amount of work is necessary to reduce the body of the forging to the diameter of the rod. At this stage 
the temperature should be carefully observed, as, if it is considered impossible to complete the operation at 
the correct finishing temperature, the forging should be re-heated. Many rods of this type, after being 
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bored up the centre, have been found to be ruptured, a defect which could have been prevented if proper 
precautions had been taken. 

We will now deal with what must be considered a very important forging, i.e., the crankshaft, of 
which there are three main types, viz., the built, the solid forged, and the semi-built. The journals, pins, 
and coupling ends of the built crankshaft are usually made in one long forging resembling a shaft, and 
afterwards cut to requirements, so that no further remarks concerning the forging practice of these parts 
is necessary, but a few observations might be made regarding crankwebs. It is known that these may be 
manufactured from forgings, cogged slabs, or steel castings, and although good results can be obtained 
from all three methods, it is suggested, without prejudice, that the forged web has much to recommend it. 

Plate 6 illustrates the forging of such crankwebs, Fig. B showing the ingot forged to the required 
size, after which a special pair of tools is used to shape the ends of the webs (Fig. C), while half round 
tools are sunk in the centre to give the web the figure-of-eight appearance. It is here that a claim can 
be made for the forged web, for these tools, particularly those used to form the ends of the webs which 
almost separate one from the other, cause a flow of metal round these ends, which imparts a strength to 
them unequalled in webs made from slabs. It can also be claimed that forged webs receive a normalizing 
treatment seldom given to slabs, which are usually despatched from the mill to the engine works to be 
sawn or burnt to shape, without having undergone this treatment. It must, however, be admitted that 
built crankshafts, having webs manufactured from slabs, are giving good service. In view of the fact 
that some makers do not fit dowels and rely entirely on the shrinkage fit, it is suggested that if these slabs 
were normalized the elastic limit and other transverse mechanical properties would be improved. 

The solid forged crankshaft, of which there are many types, is manufactured in various ways and 
Plates 7, 8, 9 and 10 show some of the methods of forging. The three-throw crankshaft on Plate 7 
would require an octagonal ingot 33 ins. to 35 ins. by 105 ins. long, the total weight being about 15 tons. 
This is forged to a section suitable for the webs, necked down on one side (Fig. B), after which the end is 
set through and rounded to form the collar (Fig. ©). The journal and test piece are then forged on the 
end (Fig. D). The gaps may be cut out hot in the forge, or removed in the machine, the journals being 
afterwards rounded and twisted as required. The plain end is then forged in a similar manner to the 
coupling end (Fig. E), showing the shaft necked down for this journal and (Fig. F), the forging completed. 

Plate 8 shows an alternative method of forging a similar crankshaft, the ingot being reduced to a 
suitable size for the web as in the former case, and necked down as shown in Fig. B. In this method, 
however, the end is set through as in Fig. C, when the collar and journal are formed in the manner 
previously mentioned. Fig. D outlines the collar formed and the journal rounded, while Fig. E 
illustrates this end completed. The forging is now turned round for the second end to be made in exactly 
the same manner (Fig. F). If we compare these two methods of forging, it will be observed that whereas 
in the former the journals are twisted through an angle of 120°, in the latter a twist of only 60° is 
necessary. Although such a degree of twist apparently favours the latter method, pressing the metal 
through in the manner shown on Plate 8 (Fig. ©) is not considered good yractice, as only a limited 
amount of work is put on to it afterwards. For this reason the author anaes the method shown on 
Plate 7 to be the safer although the degree of the twist is much greater. 


Plate 9 shows the stages of forging a four-throw crankshaft in which no twisting is required, a 
decided advantage in view of the shortness of the journals. The ingot is first spread in a transverse 
direction to the required breadth, forged to the shape shown on Figs. B and C and the cutter pressed down 
one side (Fig. ©.) The attention of the reader is now drawn to the difference between the next operation 
and that previously described on Plate 8. Instead of setting through, the end of the forging is bent up 
as in Fig. D and forged as outlined on Fig. E, when the cutter is again put in and the end journal formed 
(Fig. F.) The ingot is now turned round, cropped, and the second end of the shaft formed in the same 
manner as the first, which operation completes the forging (Fig. G.) This method, adopted hy a well- 
known firm on the Clyde, engaged in the manufacture of all types of important forgings, has much to 
recommend it. Not only is twisting eliminated, but the bending of the end (Fig. D) and the subsequent 
forging, obviates the necessity for the operation now known as setting through. It might here be 
mentioned that a larger machining allowance should be made for solid forged crankshafts than is necessary 
for straight forgings, as owing to the difficulty experienced in getting each part of the forging in 
alignment, and having so many sizes to control, the forgeman cannot be expected to work closely to 
finished sizes. 
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Plate 10, Figs. B, © and D, outlines the method of manufacturing a six-throw Diesel engine 
crankshaft which eliminates twisting. It is, perhaps, the most costly way of making this type of crankshaft, 
involving the maker in a considerable waste of material, but, owing to the shortness of the journals, it is 
considered by the author to be the most satisfactory way. After the ingot is rounded, the positions of the 
webs are marked by pressing in a bar about 1 in. diameter to form a groove round the forging, followed 
by large necking tools, round in section (Fig. B.) 

These tools not only divide the webs, but also permit a good deal of forging to take place in the region 
of each journal, this being a further recommendation for such method of manufacture. The forging is 
now flattened in the middle to form the double webs (3 and 4), drawn back, turned to the correct angle, 
and again flattened to form web 5, the process being repeated for the end web 6, and the coupling end made 
in a manner already described. The forging will now be pushed forward for the remaining webs 1 and 2 
to be dealt with in’a similar way, Fig. C showing the complete forging. As the webs are forged the full 
width of the rounded section of the ingot, it will be appreciated that a large amount of material must be 
removed. Fig. D illustrates this unnecessary material cut off; and the journals machined up. 


Plate 11 shows a large forging, part of a Doxford crankshaft, consisting of two crankpins, two webs 
and one journal, in one piece. An ingot 62 ins. to 68 ins. diameter and about 60 tons weight, would make 
two of these forgings. Owing to the shortness of the journal, and the large dimensions of the webs, once 
the ingot is reduced to a size suitable for these webs, no further forging is possible. It is then taken to 
the machine shop, the gap removed, and the journal rough machined as in Fig. © after which it is twisted 
through an angle of 90° as shown in Fig. D and finally finished in the machine. 


Plate 12 shows the combined webs and pin forging for a semi-built crankshaft. This is also a type 
of forging where the work on the pin, owing to its shortness, is limited to that required for the webs, and 
for this reason it is considered necessary to put as much forging as possible on to the ingot when forming 
these webs. This is first forged to a square section as in Fig. B flattened at the corners and reduced to 
the shape shown in Fig. C. At this stage some makers do not forge any further, the taper on the webs 
being machined, while others realising the importance of putting extra work in the region of the pin, 
forge this taper by using bevelled tools on the head and anvil of the press (Fig. D). 


This latter practice of forging the webs is the one adopted on the Clyde, and it will be appreciated 
that this method ensures that the webs and pin receive the maximum amount of forging. 


Some doubt is often entertained as to the effect which the twisting of crankshafts has upon the 
physical properties of the material. Experience has shown, however, that the strength of such parts is 
not impaired to any appreciable extent in steel forgings, provided (1) that the steel is clean, (2) that the 
length of the twist is at least equal to the diameter of the part to be twisted, (8) that the forging is 
heated uniformly throughout for this operation, and (4) that a normalizing treatment is carried out after 
twisting has taken place. It has been stated previously, that some steels contain an abnormal quantity of 
inclusions, which after machining, appear as fine extended threads running parallel to the direction of 
forging. It will be appreciated that such inclusions cause lines of weakness, which when the material is 
twisted—as for example in the setting of cranks—will assume an angle approximating to that of the twist, 
and, if present on or near the surface, may predispose the shaft to torsional rupture. 

Such surface cracks, running at an angle of 45° have appeared in crankshafts after three of four 
years service and upon examination have been found to be due to these inclusions. Having this in view, 
and the serious trouble and expense that may ensue if the shaft is placed in service under such conditions, 
it is necessary to examine carefully the twisted parts and, if there is any suspicion of surface defetts a 
sulphur print should be taken to prove their existence. In considering the length of the twist, let us take, 
as an example, a plain round bar 10 ins. in diameter heated in the middle for a length of 15ins. When 
this is twisted, the contours of the twist will have extended approximately the full length of the heated 
part, and no evidence of undue straining will be apparent. Consider now twisting the journal of a 
crankshaft the same diameter, but only 8 ins. between the webs. After receiving the same degree of 
twist as the bar, it will be found that, owing to the length of the twist being less than the diameter of the 
part. twisted, signs of severe straining will appear, accompanied by a sharp reduction in the midlength 
diameter. Owing to the stiffness of the webs, a concentration of twist appears to take place at the mid- 
length of the journal, and it is suggested that the length of the part to be twisted should be taken into 
consideration when determining the method of manufacture. 
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A further important consideration is uniformity of temperature. Under no circumstances should 
the heating be hurried, for if twisting it attempted when the extremities are hotter than the centre, the 
surface will be severely stretched and tearing may result. It will also be appreciated that if the tempera- 
ture is too low the shaft will offer much more resistance to twisting, and the material will be severely 
strained. In order to find out what effect, if any, twisting has on the physical properties of steel, the 
author has carried out the following tests. Three test pieces 14 ins. square were cut from a crank journal 
10 ins. in diameter, and machined as shown in Fig. F, in order tc give a concentration of twist over a 
given length. 
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No. 1 as forge, No. 2 heated and twisted through an angle of 90°, and No. 3 heated and twisted 
through an angle of 180°. The three test pieces were then normalized together at 900° C., and afterwards 
machined as shown by the dotted lines. When broken, the following results were obtained :— 


_ Tensile Elongati 
Yield Point. Tons. tee ae 
| per sq. in. | 3 ins. 
lowe fader . 
| Per Cent. 
No. 1. No Twist) 19°8 337-4 | 32 57°6 Normal transverse fracture. 
No. 2. 90° Twist} 17°8 33°6 | 32 57°6 Normal transverse fracture. 
; 
No. 8. 180° Twist} 18°0 33-4 | 29 49:0 Oblique fracture. 


To obtain a comparison of the physical properties in torque, three further test pieces were taken 
from a forging 11 ins. in diameter, and prepared and treated in exactly the same manner. They were then 
subjected to torsional stress on an Avery machine, with the following results :— 


. Yield Point. 
. 1. No Twist. 5,000 in. lbs. = 11°35 tons per sq. in. 
No. 2. 90° Twist. 5,000 in. Ibs. = 11°35 tons per sq. in. 
. 3. 180° Twist. 4,800 in. lbs. = 10°89 tons per sq. in. 


As the test pieces were first twisted anti-clockwise, the torsional stress was applied clockwise, so that 
in each case the results obtained were against the original twist. The result of these tests reveal that 
twisting a bar through 90° has had no effect on the mechanical properties, with the exception of a slight 
drop in the tensile yield point, and that twisting through 180° has not weakened the material to any 
appreciable extent. 
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In dealing with hollow forgings, there are two types, viz., those which require expanding and those 
which do not, but if we consider a case where expanding is necessary before forging, it will suttice to cover 
both classes, and a suitable example can be taken in the manufacture of a boiler drum. It will be 
appreciated that these forgings have to withstand very high pressures, are very costly to manufacture, and 
What is more important, serious consequences may arise if failure occurs in service. 


Having this in view, it is important that every attention should be given during each stage of 
manufacture, from the casting of the ingot to the final heat treatment of the forging. An ingot 56 to 60 
ins. in diameter by 82 ins. long, the weight including the head being about 40 tons, would be suitable for a 
boiler drum 57 ins. outside diameter by 474 ins. inside diameter by 16 ft. 6 ins. long as forged. Mention 
has already been made of the necessity of using extreme care when heating the ingot, which for such a 
forging is stripped from the mould while hot and placed in a furnace, the temperature of which is about 
750° ©. The ingot is now slowly raised to 1220° C., held at this point for a time, then taken to the press 
and bloomed down to about 53 ins. diameter. It is now allowed to cool in the air to 450° C., when it is 
replaced in the heating furnace for low temperature annealing. This is effected by gradually raising it to 
640° C. holding it at this temperature for six or seven hours, then allowing it to cool slowly in the furnace. 


[t will be seen that just as much care is necessary to ensure uniformity of cooling as of heating, and 
it might here be mentioned that an ingot of this size would take about six or seven days to cool before it 
could be removed. The top and bottom discard are now parted off in the machine, which reduces the 
length of the ingot to about 8 ft., after which a hole 24 ins. diameter is trepanned through the centre, Plate 
13 (Fig. B). The hollow bloom is now ready for expanding, and great care must still be exercised when 
re-heating for this operation. The temperature of the furnace should be no more than 400° C. when the 
ingot is charged into it, and should be maintained at this point for at least one hour. The gas can then 
be put on each side alternately for a period of fifteen minutes, then shut off for thirty minutes, this 
procedure being carried out hour by hour until the hollow bloom has reached a uniform temperature of 
680°C, Thereafter heating may go on continuously up to 1220°C., when the forging, after being held 
at this point for a time, can be removed to the press for expanding. It will be observed that as the hole 
in the ingot is 24 ins. in diameter and the inside diameter of the drum 474 ins., it must be expanded 
sufficiently large to take a mandril this size. 


Plate 13 (Fig. ©) illustrates the manner in which this operation is carried out by means of the 
opening out bar and becking tool, a description of which has been given in the earlier pages of the paper. 
A drum of the dimensions stated would be enlarged to about 52 ins., inside diameter and consequently 
would receive a good deal of forging in a circumferential direction, the diameter being quickly increased 
although the length remains the same. After expanding is completed, the drum is again slowly heated to 
1220°C. and forged on a mandril the diameter of which represents the inside diameter required, i.e., 475 
ins. It will be appreciated that the hollow forging which is 8 ft. in length has now to be drawn out to 
16 ft. 6 ins., and this should be done in two heats, while a drum of 30 ft. in length would require three 
heats, the first being in the centre followed by one on each end. Fig. D shows a drum partially forged, 
cressing tools (see previous sketch) of suitable size being used for this purpose, while Fig. E outlines the 
forging completed. 

Superheater drums, being smaller in diameter do not require expanding, but the ingot, as in the 
previous case, is taken from the mould while hot, and given a low temperature annealing. In this case the 
hole must be trepanned large enough to take the mandril and forging is carried out with cressing tools in 
a similar manner to that already described. If a cross, or circumferential test is taken from a superheater 
drum, it will show a transverse weakness as compared with a length test, owing to all the forging being 
in a longitudinal direction. The boiler drum, however, receives a good deal of work in a transverse 
direction during expanding, with subsequent forging in the opposite direction, and, owing to such work, 
no transverse weakness will be apparent. Mention may here be made of the importance of checking the 
ingot after the hole is trepanned, particularly where expanding is not carried out, in order to ascertain 
that sufficient material is left on the walls to ensure a proper amount of forging. 


Gear wheel rims are made from slabs, the thickness of which is little more than the forged width of 
the rim. Some makers cut these slabs from a large ingot and trepan the hole, while others use a smaller 
ingot, which is turned on end and forged to a slab of suitable thickness, the hole being put in under the 
press. The subsequent work in both methods consists entirely of expanding, but it will be observed that 


12 


with the latter method the rim receives much more forging than the former, and for this reason it is 
considered preferable. 


Having now dealt with some of the heavier types of engine forgings, it is considered necessary to 
stress the importance of ‘method of manufacture” and proper supervision at the forge. It is to the 
credit of most forge-masters that they are anxious to produce an article which will give long and useful 
service regardless of the cost of manufacture, while others appear to favour the cheapest ways, often not 
appreciating the difference from the point of view of strength and durability. It does not by any means 
follow that, because the mechanical tests are up to requirements everything is satisfactory, for in many 
cases it is not possible to take tests from parts of the forging where weakness is likely to exist. 


In view of this, the author considers the method of forging should leave no doubt that every 
precaution has been taken to produce good sound work. The efficiency of forging presses, size of ingots, 
temperatures, sufficient cropping and correct heat treatment should also be observed, and, while it may 
not be possible to examine every ingot, no doubt should exist that the rules are being carried out. This 
can only be done by following the operations in the forge, and an endeavour should be made to be present 
at the first heat of important heavy forgings in order to note the condition of the hot ingot while it is 
being deformed under the press. 


In the manufacture of sternframes, the introduction of the stream line has led to a demand for 
either cast or forged frames of more complex design. For this paper, dealing only with forgings, two 
types will be sufficient to illustrate the general method of manufacture, viz., (@) the ordinary solid or 
closed frame with three welds (or scarphs) and (0) the open type frame for a balanced rudder. Fig. 15 
shows a frame of type (a), and from the position of the welds it will be seen that it is made in three 
pieces, the backpost, the boss or propeller post, and the keel piece. As the forging practice of the back- 
post and the keel piece can be readily followed from the sketch, only the method used in making the 
propeller post will be described. 


The full lines on Fig. 14 show this post forged and partly machined, the shaded portion being 
burned out. The top portion is now opened out by the frame smith to form the spur and part of the 
arch, after which the post is bent to shape as shown by the dotted lines, and subsequently machined to 
size. The ends of the parts to be welded are then prepared by the smith to suit the method (Vee or Glut) 
to be used. The backpost and the propeller post are now assembled in a perfectly horizontal position, 
securely fastened with strong tie-bars, and the first weld made to form the arch of the frame. The keel 
piece is then placed in position, securely fastened with straps and tie-bars, and the second and third welds 
made to complete the frame. This operation (welding) is of such importance as to deserve some 
observations on welding generally, such remarks being confined to smith welding only. If carried out in 
a proper manner a weld should be as strong as any part of the forging, but several conditions must be 
fulfilled to obtain this. 


The three cardinal points to be observed to ensure a sound weld are (1) correct welding temperature, 
(2) cleanliness of the parts in contact, and (8) that the ends of each part to be welded are large enough in 
section to enable a sufficient amount of forging, not only in the region of the weld, but on those parts 
adjacent to it which have been heated to the same temperature. If heating is prolonged beyond the 
welding temperature a point of incipient fusion will be reached when the steel begins to burn. Oxygen 
penetrates the surface and films of oxide of iron form around the crystals, and no amount of subsequent 
forging will produce a sound weld under these conditions. Experience has shown that when considerable 
burning takes place the weld often breaks in two during forging. 


It will also be appreciated that high carbon steels, having a lower melting point than low carbon steels, 
will burn at a much lower temperature and consequently are more difficult to weld. A perfectly clean 
surface of the parts to be welded is essential, and as the heating is usually carried out in the smith’s fire, 
particles of impurities adhere to the surface and must be brushed off before such parts are put together for 
welding. There should be no delay in getting the heats from the fire to the hammer, for not only does the 
temperature fall quickly but oxide of iron (scale) soon forms and as this will not combine with iron, its 
presence between the parts in contact would prevent intimate crystallisation and result in an unsound weld. 


After welding, the subsequent forging should be continued until the temperature falls to a red heat, 
but, (to take as an example the welding of a sternframe) should the welded parts be insufficiently large to 
allow this, it will be obvious that after a few blows of the hammer the frame will be down to size and work 
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must cease. Under such conditions, although the actual weld may be good, the structure in the region of 
the weld will be coarse and brittle, through being finished at too high a temperature. These remarks also 
apply to the parts adjacent to the weld, which are raised to almost the same temperature, and care should 
be taken to have all such parts larger in section than the finished size, thus allowing a proper amount of 
forging to take place. Fractures occurring immediately outside a weld result from this precaution being 
neglected. Many different methods of welding are used in the smithy, such as scarph, glut, vee, or stud 
welds, the most popular being the scarph weld. ‘The stud weld is used in the making of iron mast hoops 
or derrick hoops when the studs and eyes are welded on. The vee weld (in some districts known as the 
male and female) and the glut weld, are the two methods used for welding sternframes. In the former the 
parts are placed in contact and held together during heating, while in the latter glut and frame are heated 
separately. 

When the vee method is adopted the weld is made in one heat and as the faces are in contact with 
each other during heating, burning of such parts is not likely to occur. Any overheating usually affects 
the outside edges of the weld which can be removed when this is dressed. In the glut weld, as the pieces 
are heated separately, the faces are more susceptible to burning, but a careful smith is fully aware of such 
possibilities and gives special attention to this important operation. Two heats are necessary to complete 
this weld, a glut being put in each side as shown in Fig. 15. In each of the two methods, forging can 
only take place in one direction and consequently the metal spreads out at each side of the weld, such 
excess material being cut off under the hammer, and the weld dressed up. 


Smith welding is seldom understood by outsiders, as it takes many years of practical experience to 
make one proficient at such work. This may account for the prejudice that is often shown to welding, 
but, generally speaking, the smith takes a pride in his work, and would not knowingly allow a weld to 
leave his hands if any doubt existed in his mind as to its soundness. 


No one is more able to judge the soundness of a weld than the man who made it, although even he 
may be misled, but if we consider the very small percentage of welds which fail in service, it will be 
admitted that every care is taken by those responsible. It has been the experience of the author that the 
average smith is so jealous of his reputation that his work must be—like Ceesar’s wife—above suspicion. 
He fully appreciates that the failure of his work may endanger life and limb, which appreciation affords 
a strong inducement for any man to be sure that his work is sound when it leaves his hand. Fig. 16 
shows an open type sternframe made in two pieces without a weld. The propeller post, complete with 
top gudgeon, top part of backpost and spur post, is made in one piece, the keel piece being scarphed 
on to it. 


Fig. 17 outlines a very clever method of manufacture adopted by The Dennystown Forge Co., a 
well-known forge in Dumbarton, engaged in the production of all classes of important forgings. The 
sketch illustrates very clearly how this part of the frame is made, the full lines showing the forging 
partly machined, the shaded parts being burnt out. The frame smith now completes the forging by 
bending it to the shape shown by the dotted lines (a) forming the top part of the backpost and (b) the 
spur post. It will be seen, that what at first seemed to be a rather difficult forging, has now been 
resolved into a comparatively simple one. 


Care, however, must be exercised to ensure that each part will assume its proper position after 
bending, as a slight miscalculation may result in the forging being scrapped. It is also heavy and 
awkward for the smith to handle, and should only be undertaken by capable workmen who have every 
facility at their disposal for such work. 


The forging practice of rudder stocks and mainpieces does not require any special consideration, but 
as a twisted stock or mainpiece is a very common damage, a few observations may be useful to those who 
have to deal with them. It is well known that cold work causes strain hardening, which increases the 
tensile properties of the steel and decreases its ductility and resistance to shock. A cold twist has this 
effect, and it will be found that in the region of such twist the material has become harder and brittle. 
It is generally considered that twisting back to the original position should not be allowed as such treatment 
would considerably weaken the forging. The author, however, from personal experience is of the opinion 
that in steel forgings, twisting back does not weaken the material to any appreciable extent, provided it 
is followed by a correct normalizing treatment. The following tests recently carried out will be of interest. 
Four test pieces *798 diameter were prepared from the same forging, and normalized together at 900° C. 
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No. 1 was left as forged and normalized ; No. 2 twisted cold through an angle of 90° ; No. 3 twisted cold 
through 90°, then twisted back hot, and No. 4 twisted cold through 90°, twisted back hot and again 
normalized. 


The following results were obtained :— 


sn Yoel Home| Henson | Rea 
Tai a Pipe vary SPIT ea oT osr aii ‘i : per cent. | 
No. 1. As forged and normalized at 900° C. | 230 | 310 35-0 615 
No. 2. As No. 1, then twisted cold through 90° ‘as! -- BBO HL EDT | 514 
No. 3. As No. 2, then twisted back hot ... mi Dw ser i| 33°0 33:0 | 60°75 
No. 4. As No. 3, then normalized at 900° C. zee 22'8 | $1°1 | 32°5 5914 


Two further test pieces were taken and subjected to torsional tests, the conditions in this case 
approximating that of a severe twist on a rudder, No. 1 as forged, No. 2 twisted cold through 45°, then 
twisted back hot, after which the two test pieces were normalized together at 900° C. The following 
results were obtained :— 

Yield Point. 
No. 1 453 ahi 5,250 in. lbs. = 11°9 tons per sq. in. 
No. 2 ar it 5,150 in. Tbs. = 11°6 tons per sq. in. 


It must be admitted that twisting cold through 90° is very severe treatment, but the tensile tests 
reveal that even with such drastic treatment followed by twisting the material back, it can be restored to 
almost its original strength and ductility by normalizing. The torque tests are interesting inasmuch as 
they also show that after twisting cold through 45° and twisting back hot there is no appreciable difference 
in the strength of the material. Whether twisting back is resorted to, or new keyways cut in, it will be 


appreciated that a normalizing treatment is necessary to remove the effects of the twist, and in the author's 
opinion this should never be neglected. 


ALLOY STEELS. 


It has been stated previously that the progress made in the science of engineering has caused a demand 
for steel of such high tensile strength, combined with reasonable ductility and resistance to shock, that 
plain carbon steel, even in the heat treated condition, will not meet. ‘The introduction, and subsequent 
developments of alloy steels have, however, done much to satisfy these demands, and with the collaboration 
of the metallurgist—who has carried out such excellent research workt—very satisfactory results have been 
obtained, although much work yet remains to be done. Most alloy steels, however, are very expensive, and 
it is possible that if the advantages of carbon steels in the oil treated condition were fully explored, 
preference might be given to them in many cases where alloy steels are now being used. 

The most common alloying metals added to steel are nickel and chromium, in some cases used 
separately, and in others as a combination of the two. Molybdenum, vanadium, and tungsten are other 
alloying agents mostly used in conjunction with either nickel or chromium or both, tungsten being chiefly 
reserved for high speed tool steels. It must be understood that carbon in alloy steels is as essential as 
the alloying agent, although it will often be found that the percentage of carbon is much smaller than 
that of the alloy. Manganese, which is present in all steels is not considered an alloy unless the steel 
contains at least 1°0 per cent. 

Nickel is soluble in iron in any quantity and its presence increases the strength, ductility and 
toughness, as well as increasing its resistance to shock. A further important value of this alloy is the 
high ratio of yield point to tensile strength, both being considerably raised without showing the marked 
reduction in ductility found in carbon steels. The presence of nickel also retards grain growth, and 
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makes the steel susceptible to heat treatment. Although steels containing 25 to 35 per cent. of this alloy 
are made, ordinary engine forgings generally contain from 3 to 5 per cent., the better physical properties of 
this steel being obtained by correct heat treatment. 

Chromium also increases the tenacity of steel without serious loss of ductility, and steels containing 
about 8 to 5 per cent. of this alloy are gaining considerable favour. They can be forged as readily as carbon 
steels, but develop extreme toughness and resistance to the press as the temperature falls, and should not 
be worked below a bright red heat, or rupture may occur. Chromium gives the steel a very fine grain 
structure which responds quickly to heat treatment and imparts a high resistance to shock. Steels 
containing from 12 to 18 per cent. of chromium, called ‘stainless steels” are also well known for their 
resistance to corrosion. 

When chromium is combined with nickel, greater strength with ductility is given than when these 
elements are used separately. 

A. W. Judge (* Engineering Materials,” Vol. 1) in dealing with nickel chromium steels states ‘The 
constitutional effect of chromium on steel differs from that of nickel in that it forms a double carbide, 
resulting in greater strength and hardness in a heat treated steel. By the use of both these elements in 
steel a double effect is obtained, because the nickel strengthens the ferrite matrix, and the chromium 
strengthens the carbide constituent, giving better physical properties than when either element is used by 
itself.” The presence of nickel and chromium ensures considerable depth hardening with a slower rate 
of cooling, thus making it a suitable alloy for very large sections requiring heat treatment. This steel 
also forges easily, but, as in the former case, it should not be worked at too low a temperature. 
Molybdenum is mostly used in conjunction with nickel and chromium where a very high ratio of yield 
point to tensile strength is required, and is included for this purpose in many classes of forgings. 
Vanadium, it is claimed, increases the resistance to shock and fatigue, besides acting as a cleanser, only 
small quantities up to *2 per cent. being added. Chrome vanadium and nickel chrome vanadium steels 
are used for high grade forgings where good tensile strength and resistance to shock are required, and, as 
in all cases of alloy steels, their best properties are only brought out by correct heat treatment. 

Manganese is a very important constituent of steel and, next to carbon, is the most active hardening 
agent, while its value as a deoxidiser, and its affinity for sulphur, has been previously mentioned. In 
plain carbon steels it varies from °3 to about °8 per cent., but manganese steel, discovered by Hadfield, 
contains from 12 to 14 per cent. A peculiarity of this element is that when used from 2 per cent. up to 
about 6 per cent., the steel is so brittle that it has little commercial value. Above this limit, up to about 
15 per cent., the steel, although very hard, when water toughened has a high tensile strength with 
exceptional ductility, but the yield point is low. 

It has good wearing qualities and is often used instead of the more expensive alloys. Owing to the 
great hardness of manganese steel it is difficult to machine and is generally forged or cast near to size and 
finished by grinding. There does not appear to be any known method to soften this class of steel. 

Only a few of the more common types of alloy steels have been mentioned, as there are so many 
different combinations of alloys that it is beyond the scope of this paper to deal with them. 

It should, however, be mentioned that so far as the forging practice of the various alloy steels is 
concerned, no appreciable difference exists to that of carbon steels with the exception of forging and 
finishing temperatures. The presence of an alloying agent in steel (excepting chromium) depresses the 
critical change points, and for that reason the initial forging temperature may be lower than with carbon 
steels. Owing, however, to the extreme toughness developed as the heat falls, it is, in general, advisable 
to reheat the forging when such toughness becomes apparent. 


Hear TREATMENT OF STEEL FoRGINGS. 


This is now recognised as one of the most important operations in the manufacture of steel forgings. 
The advancement in metallurgy, particularly in the microscopic study of steel, known as metallography, 
has led to much progress in heat treatment and has given to manufacturers the knowledge that rule-of- 
thumb methods must give way to more scientific treatment, if the best results are to be obtained. No 
doubt, in the past, many forgings have been scrapped which might have been saved if the correct heat 
treatment had been carried out. Many manufacturers have facilities for normalizing only, while others 
can deal with normalizing, oil hardening and tempering, their equipment varying in capacity with the 
class of work dealt with. 
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As an illustration it might be mentioned that Messrs. Beardmore, at their Parkhead Forge, have an 
oil tank 110 ft. deep by 11 ft. diameter, with suitable vertical heating furnaces, which enables them to 
treat very large forgings. Although this paper deals with the practical side of heat-treatment only, 
reference will frequently be made to the critical change in the cooling and heating of steel. It will therefore 
be necessary to give a brief description of these change points and the temperatures at which they occur. 
Consider, as an example, the cooling of a mass of molten steel containing from *2 to *25 per cent. of carbon, 
which is the average content of ordinary mild steel for forgings. After the molten steel has solidified, many 
changes take place which are beyond the scope of this paper, and it will be sufficient for our purpose to 
consider two phases only, i.e., the upper and lower critical change points. The rate of cooling does not: 
proceed uniformly, but goes on regularly until a temperature of about 820° C. (for *2 carbon) is reached 
when it is suddenly arrested and cooling will cease for a time, or the temperature may rise. This is 
known as the upper critical change point, Ars. 


Cooling is now continued uniformly until (in low carbon steels) a second lag occurs Ar2, after which 
the temperature again falls regularly to about 690° C. when a further arrest takes place. This is known 
as the lower critical change point Arl, and from this down to atmospheric temperature the rate of cooling 
becomes uniform. During the heating of steel, corresponding critical change points take place, but at a 
temperature about 30° to 40° higher than during cooling, the lower being known as the Acl point, and the 
upper the Ac3 point. This critical range, which lies between the upper and lower change points, is of 
considerable importance in the heat treatment of steel. 


An illustration of this will be seen in Fig. 18, a reproduction of Dr. Stead’s heat-treatment chart, 
which is undoubtedly a valuable aid to all engaged in the manufacture of steel forgings. The curved line 
G.S. shows at a glance the critical change points on cooling, and on the dotted line above, the corresponding 
critical change points on reheating for a given carbon content. It is important to notice that the upper 
change point is progressively lowered as the carbon content is increased. To further illustrate this, 
compare the lines on the Chart A.B. and C.D, which represent *2 and ‘4 carbon steels respectively. It 
will be seen that in the former the upper critical change point on heating occurs at 856° C., while in the 
latter this takes place at about 800° C., which shows this point to be lowered 56° C. by increasing the 
carbon from ‘2 to ‘4 per cent. 


When molten steel solidifies, carbide of iron is held in solid solution in iron, until a point is reached 
shown on the curved line G.S. As cooling proceeds below this line, ferrite (in steel with less than -9 per 
cent. carbon) begins to separate out and this continues until the lower change point is reached when 
separation is completed and the steel, which is composed of ferrite and pearlite is heterogeneous. These 
lower change points are shown on the Chart as the line PS. The importance of the two change points 
will be better understood when it is known that if steel. during cooling, is quenched at a temperature above 
the line P.S. it will be hardened, but if quenched below this line, no hardening will take place. 


In fact, steel on being quenched above the line G.S. is very hard, but if reheated to a point below the 
line P.S. and again quenched it will be softened. When reheating steel, the carbides commence to diffuse 
at 700° C., i.e., the lower change point, and this continues througout the critical range until the upper 
change point is reached when the carbides are completely diffused and the steel becomes homogeneous. — [t 
is important to notice that until the steel has been heated to a little above the upper change point, 
complete diffusion of the carbides and refining of the structure will not take place. It will, therefore, be 
appreciated how necessary it is to have the temperature correctly recorded during heat treatment 
operations. Heat treatment has for its object the removal of mechanical strains set up by forging, and 
the refining of the structure to obtain the highest physical properties, and may include the operations 
known as annealing, normalizing, hardening and tempering. The change of structure that takes place 
owing to the thermal treatment of steel may be described as follows :— 


When steel is heated to a little above the upper critical change point, re-crystallisation takes place 
which breaks up the coarse crystals and completely removes mechanical strains or the effects of cold work. 
If allowed to cool slowly in the furnace from this temperature it will be in its softest condition, but owing 
to such prolonged cooling the yield point and the impact value will be lowered. This is known as 
annealing. When, however, steel is heated to just above the upper change point, and by removal from 
the furnace allowed to cool in the air, a very much finer structure is obtained, accompanied by increased 
toughness. 
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This treatment is known as normalizing, after which the steel will be in its best condition 
(unhardened), and experience has indicated that, where hardening and tempering is not re ured, 
normalizing should be carried out for mild steel forgings, in preference to annealing. If steel is heated 
considerably above the upper change point, grain growth occurs by the coalescing of the small grains, and 
on cooling, the material will show a coarse structure which considerably impairs its physical properties. 
Although it is safe to raise the temperature about 50° C. above the upper change point—and in forgings 
of large dimensions it is advisable to do so—care should be taken not to exceed this if overheating is to 
be avoided. 


With an accelerated rate of cooling, the structure becomes finer, and if steel is heated to just above 
the upper critical change point and immediately quenched in water, the rapid cooling produces the finest 
grain structure possible, but the steel becomes very hard. This is known as hardening, and although the 
treatment considerably increases the tensile strength of the steel, the ductility and impact values are 
correspondingly lowered, while internal stresses are also induced. 


Steel in the hardened condition has little commercial value, and tempering must be carried out to 
relieve the internal stresses set up by quenching and to soften and toughen the material. 


Most readers will be familiar with the old time method of colour tempering, when the hardened steel 
was polished and slowly heated while exposed to the air. At a certain temperature a pale straw colour 
appeared, followed, as the temperature was raised, by a variation of colours, such as light straw, dark 
straw, peacock, purple, dark blue and light blue. These colours indicated the various degrees of hardness 
and bear a strong relation to the tempering temperatures known to-day. When steel is hardened by 
quenching, tempering is accomplished by re-heating to a point below the line P.S.K. shown on the chart, 
and cooling in the furnace, or in the air, or by quenching. In most cases the hardening temperature 
remains constant for a given carbon content, while the tempering temperature varies from about 500° C. 
to 680° ©. according to the degree of hardness and toughness required. Steel tempered at 500° C. will 
have a high yield point and tensile strength but the impact value may be low. As the temperature is 
progressively raised from 500° to 680° C. the tensile strength will be slightly reduced while the ductility 
and impact values will be raised. 

It will therefore be observed, that if a high yield and tensile strength is required, the lower 
tempering temperature will be suitable (and even this will give a fair impact value) and conversely, if a 
high impact value is necessary, the temperature can be raised to suit the requirements. When re-heating 
quenched steels for tempering, it is important to notice that the temperature does not exceed the lower 
critical range, for if heating is continued beyond this, the whole effect of quenching will be lost. For 
special forgings in which very high qualities are desired, a double quenching is often resorted to, such 
treatment giving a higher elastic limit and ductility. After the second quench the steel is then raised to a 
suitable temperature for softening and toughening. Even in the normalized condition, a second treatment 
is often advisable, particularly in forgings where large portions have been removed in the machine. The 
second treatment, however, should be carried out after rough machining. 


Normalizing, which has proved to be the most satisfactory treatment for ordinary ship and engine 
forgings, should be carried out in a properly constructed heat-treatment furnace, sufficiently large to raise 
the whole forging to the required temperature. It is only in such furnaces that the heat can be regulated 
to ensure uniformity of temperature throughout the length of the forging, and when dealing with shafts, 
this is very important. The temperature should be raised slowly to the required degree, and held at this 
point until the forging is uniformly heated throughout, then, as previously stated, removed from the 
furnace to cool in the air. It might here be mentioned, the normalizing temperatures should be raised 
at least 50° ©. above the change point shown on the chart, as experience has proved this to be most 
suitable, particularly when dealing with large forgings. If, after such treatment, the steel is found to be 
too hard, it can be reheated to 620° to 660° C. and allowed to cool in the air, or in the furnace. This will 
slightly reduce the tensile strength but improve the ductility and toughness. 

Forgings of very large dimensions, such as solid forged crank shafts, or the combined webs and pin 
in semi-built crank shafts, should receive a double heat treatment. As has been previously stated, little 
work can be put upon the pins and journals of such forgings and consequently the refinement of the 
structure depends largely upon the heat treatment they receive. In the rough condition the forging is, 
of course, normalized, and subsequent to the cutting of the gaps and the rough machining of the pins and 
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journals, it should be re-heated to 600° to 640° C., held at this point until the temperature is uniform 
throughout and then cooled in the air. The improvement in the material is so pronounced after the above 
treatment, that in the opinion of the author, it should be included in all specifications for this type of 
forging. 

Large hollow forgings, such as the boiler drums dealt with earlier in the paper, should also receive a 
double treatment, the second one following immediately after the first. When raised to the normalizing 
temperature they should be allowed to cool in the air to about 450°C., then replaced in the furnace and 
reheated to 580° to 640°C. After being held at this temperature for about two hours they can be withdrawn 
to cool in the air. 


The mechanical properties of steel in the normalized condition are further improved by hardening 
and tempering. Forgings containing from *2 to *25 per cent carbon, and °6 per cent manganese, will have 
the yield and tensile values increased from 8 to 5 tons per sq. in. after quenching in oil or water from 880°C. 
and tempering at 600° to 650°C., while the impact values are also considerably improved. With very soft 
steels ("1 per cent carbon) a single quench in oil or water will also improve the mechanical properties. 
A though cold water is considered the best quenching medium, steel containing above “5 per cent carbon 
should be quenched in oil. The tensile strength will be slightly lower than that produced by cooling in 
water, but the danger of quenching cracks is very much lessened. It must, however, be understood that 
hardening and tempering of plain carbon steels can only be indulged in with comparatively small forgings. 


Those of large sectional area are not suitable for this treatment, as mass has an important bearing on 
the operation of quenching. When a large mass is quenched only the extremities are cooled at the correct 
temperature and cooling proceeds slowly towards the interior. Under such conditions two different 
structures will result, the depth of hardening being relatively small, and the steel becoming progressively 
softer towards the centre of the body. The presence of both nickel and chromium, however, depresses 
the cooling range and hardening takes place at a slower rate of cooling, so that large forgings containing 
these elements are more suitable for oil hardening and tempering than plain carbon steels. 


As previously stated, it is only in the heat treated condition that the best mechanical properties of 
alloy steels can be obtained, and such properties can be modified by heat treatment to suit the requirements 
of the specifications. Such a large number of alloy steels are in use to-day, each requiring different heat 
treatment that it is beyond the scope of this paper to deal with them, therefore only the more common 
alloys used for the larger types of forgings will be mentioned. Nickel or nickel chrome steels should be 
hardened by quenching in oil from a temperature just above the change point shown on the chart, and 
after tempering to the required degree they can be quenched in oil or water. As in the case of plain 
carbon steels, the tempering temperature is varied to give the specified properties, and the results given 
below, carried out by Barr and Honeyman* show very clearly how the properties of a steel containing 
25 to 35 carbon, 3 per cent nickel, and *8 per cent chromium, can be modified by a variation of such 
temperatures. 

Oil quenched at 850° C., tempered as shown and cooled in water. 


| | 
| Te ane | Yield Point. | Maximum Stress. Elongation. Reduction Impact. 
beset ahi tm fe Tons per sq. in. Tons per sq. in. 2 ins. j Area. Ft. lbs. 
Temperature C. Per cent. aie as 1 
BOO — 90 12 _— 12 
te) — 76 16 — ld 
Sa0 — 66 19 — aD 
600 {8 59 23 Di 70 | 
650 40 a0 26 62 80 | 


*Steel and its Practical Application. By William Barr and A. J. K. Honeyman, B.Sc. 
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It will be seen that the impact values are considerably improved when the tempering temperature 
reaches 500° C., while such improvements only take place by quenching in water after tempering. The 
rate of cooling also has a great effect upon these values, for, if tempered at 650° C. and allowed to cool 
slowly, temper-brittleness will develop when passing through the lower temperatures. It is therefore 
necessary that nickel chrome steels should be quenched rapidly after tempering if great toughness is 
desired.” The addition of molybdenum to nickel chrome alloys eliminates, to a large degree, the danger 
of temper-brittleness. This element also improves the depth hardening properties, a further recommenda- 
tion when dealing with large masses of steel. Pinion shafts usually contain Ni. Chr. Molyb. and, when 
forged, should receive a low temperature annealing at 640° C. After rough machining and boring, they 
are then oil hardened at 840° to 860°C. and tempered at 620° to 640° C. 


Chromium, unlike most alloying elements, raises the critical range on heating, and forgings, 
containing about 3°5 per cent chromium and *2 carbon, develop extreme hardness when normalized at 
900° to 950° GC. ‘This is known as air hardening, but the steel is softened by tempering at 700° to 750° C., 
and cooling either in the air or in the furnace. A high ratio of yield to tensile strength can be obtained 
by oil hardening at 880° C., and, after tempering at 700° to 750° C., cooling in the air. 

High chromium steels, such as stainless steel containing 13 to 15 per cent of this alloy, respond well 
to heat treatment. ‘They can be air hardened, oil hardened, or water hardened at 900° to 950° C. and 
tempered at 600° to 750°C. It is necessary to use extreme care when heating this steel, as, if the temperature 
is not raised very slowly, a “clink” will occur. Manganese is present in most carbon and alloy steels, but 
what is known as ‘“* Manganese Steel” contains about 1°3 per cent carbon, and 12 to 14 per cent manganese. 
Owing to its great hardness and resistance to wear, it is considered to be one of the most useful steels in 
existence where these properties are desired. It is self hardening and not softened by slow cooling, in fact 
if allowed to cool in the air it will be hard and brittle. The heat treatment consists in heating to a 
temperature a little over 1000° C., and quenching rapidly in water. This is known as water toughening, 
after which the steel is in its softest and toughest condition. 

In conclusion a few remarks concerning the annealing of steering gear chains may be of interest. It 
is known that when a piece of soft steel is strained, and afterwards heated to certain low temperatures, 
grain growth will take place which makes the steel brittle and liable to fracture under shock. The same 
can be said of wrought iron, and Cathcart * has carried out some interesting experiments which prove this. 
By straining a wrought iron link and afterwards heating to 700° C., he found evidence of grain growth 
and embrittlement which, on the link being heated to 950° C. and cooled in the air was completely removed. 
In many instances, the annealing of steering gear chains simply consist in burning off the oil or grease by 
drawing the chain through a fire, or by piling it in a heap in a furnace, or in a fire. This practice should 
be discouraged as it is impossible to heat the chain uniformly throughout its length, and may result in some 
of the links being very much overheated. There is no doubt that most sling chains and all kinds of lifting 
tackle are often strained, and it is reasonable to assume that steering gear chains, which have to withstand 
many severe shocks, are also liable to be strained. Under such circumstances, annealing at 700° C. will 
do more harm than good, and it is advisable to heat to 950° C. and cool in the air. The furnaces in the 
shipyard are generalty used for this operation, and as they are rarely furnished with pyrometers it will be 
sufficient to heat to an orange red colour. 


* Value of Science in the Smithy and Forge. By W. H. Cathcart. 
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PLATE 7. 
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PLATE 16. 
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CARBON PER CENT. 
PLATE 18. 


Hear TRearmenr Cuarr spy Dr. STEAD. 
The chart shows approximately the correct temperature for the treatment of carbon steel, and that the temperature 
varies with the carbon content. It follows that no steel can be treated correctly if the carbon is unknown. To use 
the chart, note the carbon content on the bottom line. Follow the vertical line until it crosses the curved dotted line. 
Read off on the left the temperature in degrees centigrade. and heat to about 50 degrees higher. 
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DISCUSSION ON Mr. PORTER’S PAPER 


ON 


“THE MANUFACTURE AND HEAT 
TREATMENT OF STEEL FORGINGS.” 


E. W. BrocksrpGe (President). 


Gentlemen—lIt is always a great pleasure for the members in London to welcome a member from the 
Outports, especially one from such a great distance as Glasgow. 

The subject we have before us to-night is a very fascinating one, and those of us who have read the 
paper can assure the Lecturer that it is brimming over with technical information of great value. Further 
more, it is a well written paper, and the value of our transactions this year will be considerably 
enhanced by the addition of this subject. 


Therefore, we would extend to Mr. Porter our appreciation for all the work he has put into the 
paper and give him a very hearty welcome, and I will ask him to read whatever portion of the paper he 
likes and amplify his remarks. 

Mr. Porter then read portions of his paper, opening with the remarks :— 


I must thank you very much for your kind welcome, and although when | arrived this morning I 
felt quite a stranger in a strange land I am quite sure that when I return I shall have happy recollections 
of haying made many new friends. 


E. W. BrLocksipGR. 


The Meeting is open for free discussion on the subject, and perhaps for just a moment or two 
Mr. Heck would like to offer a few remarks to set the ball rolling. The subject to me at one time many 
years ago was a very fascinating one, but it is very difficult for those of us who have been in the London 
Office for so many years to discuss the subject with all the latest and most modern improvements. 


I am going to ask one question. Perhaps for my own personal information, although it may be 
outside the scope of this paper, Mr. Porter will give me some enlightenment as to what progress has been 
made in regard to drop forgings in relation to steel. 


W. D. Heck. 


In regard to the twisting of crank shafts Iam glad to know Mr. Porter considers that even after 
the severe treatment he describes—twisting throngh an angle of 90 degrees and then back again—any 
ill effects can be removed by proper heat treatment. For this reason, Some years ago, when | was 
engaged in the examination of forgings in one district, I passed a forging which had heen twisted, 1 
think, through 60 degrees. It was a 3-throw crank shaft, and one of my colleagues, who was 
considerably senior to me, but was situated in another district, wrote to me and suggested that such 
treatment was altogether too drastic. However, I am glad to say that subsequent experience has shown 
that that forging for which I took the responsibility was in no way defective. 

I pass now to the subject of discard, which is perhaps indicated or may be related to Plate 20, in 
which the paper shows an ingot of a particular type. It is section of ingot with shrinkage cavity in 
head. Jam not sure, but I think that is what we used to call a hot-top ingot, and [ remember that in 
dealing with boiler plates made from hot-top ingots it was thought that if 25 per cent. discard was 
taken from the top the remaining part was quite good enough. I shall be glad to know how that figure 
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of 25 per cent. in the case of this hot-top ingot compares with what would be allowed in the case of 
forgings. I imagine the steel in a forging is every bit as good as in a boiler plate, but I should like to 
have some further information on the point. 

Looking at Plate 19 we see an ingot as cast without a head, and apparently the shrinkage cavity 
goes much further down. In the case of a boiler plate it used to be the practice to take a discard of 
35 per cent. Some of that 35 per cent. [am sorry to say was used for shipbuilding purposes, although 
it was not considered suitable for boiler plates. Perhaps Mr. Porter will compare the figure of 35 per 
cent. of that particular ingot with forging practice to-day. 

There is one phrase that is of much interest to me, and will be of interest to some of my colleagues. 
It is illustrated by Figure 15, or rather is suggested by Figure 15, in which we find a closed type of 
stern frame, a forged stern frame. In another part of the paper I find the phrase “a properly 
constructed annealing furnace.” I should like to have Mr. Porter’s views as to what is a properly 
constructed annealing furnace. I will suggest a case to him, We have, shall we say, a properly 
constructed annealing furnace, but it is necessary, should the firm have an order for a forging which is 
too big for that annealing furnace, to make a temporary addition to it made up from fire-bricks and fire- 
clay and so on, in order that the large forging may be accommodated. In the case of this particular 
stern frame the result would be that the stern frame would be placed on edge, so that the long sole piece 
would stand vertically. That is rather a special case. It is one we have actually had recently, and 
Mr. Porter’s remarks would be of very great assistance to all of us, 


One point more. That is with regard to crankshafts. We know that the solid forged crankshaft 
is rather a difficult thing to make—not difficult in the forging, but difficult in complying with the 
Society's Rules. Referring to the required reduction of the ingot to one-fifth-—and in the case of some 
parts of the forging to two-thirds—of the original cross sectional area, I think it is almost impossible to 
obtain that ratio when one comes to the lower parts of crank webs, and the same may be said of the 
material at the bottom of the crank web close to the journal and away from the crank pin. It has been 
suggested that unless great care is shown, very little work may be put on that part of the forging, and 
unless some special treatment is given to it, it may partake of the nature of the raw ingot. I shall be 
interested to know whether Mr. Porter is satisfied that suitable heat treatment properly applied will 
bring that material into such a condition that we may be satisfied with it. 


It is hardly necessary for me to offer my congratulations to Mr. Porter, he has given us a most 
excellent paper. 


V. LOCKNEY. 


Lam sure you will all agree with me Mr. Porter has given us a most interesting and informative 
paper to-night. I think it might almost be described as monumental. 


There are one or two points I would like to raise. On the first page of his paper Mr. Porter 
mentions a press of 12,000 tons. It would be interesting to know what is the maximum weight of ingot 
which can be produced in this country. On page 6 Mr. Porter quotes the remarks of a gentleman called 
Giolitti. His name suggests that he is one of those whose compatriot I nearly became some years ago, 
and his remarks are very interesting to me. He comments on the transverse weakness in a forging. 
To my mind that is a very important matter, and following up Mr. Heck’s remarks on crankshafts I 
suggest that it is particularly important in the forging of a combined crank web and pin. There have 
been cases in which the axis of the crank pin has been taken between the two most forged faces, and the 
remarks of this gentleman Giolitti suggest that the strength of the forging in that direction would be 
very small. It is very interesting that in a case I have in mind a crankshaft made in this way fractured 
after a very short period of service. This would suggest we must take great care, in selecting the position 
of crank pins, that the axis of the pin is parallel to the axis of the ingot, and, incidentally, that is a 
requirement of certain other authorities for forgings of that character. 


On page 9, continuing the subject of combined crank webs and pins, in the fourth paragraph, Mr. 
Porter says :—“ this is also a type of forging where the work on the pin, owing to its shortness, is limited 
to that required for the webs, and for this reason, it is considered necessary to put as much forging as 
possible on to the ingot when forming these webs.” It would be interesting to know whether it 1s usual 
to regard the webs as in the “ non body” part of the forging from the point of view of our Rules on the 


matter. If that is the case, this part of the forging would only be forged down to °66 of the sectional 
area. Now, the loading on a crank pin is not very dissimiliar from that on a crankshaft journal, which 
would be forged at least to *2 of the original area, so if that part of the forging from which the crank pin 
is cut only receives forging down to 66 of the ingot area, I would suggest we have a point of definite 
weakness there. 

He mentions also the practice of local forging down in the neighbourhood of the pin. I suggest 
that such forging does not effect any improvement in the strength of the crank pin, and further that heat 
treatment will not effect the desired improvement in the material. In other words, no treatment which 
does not lengthen the forging in the direction of the crank pin, will effect the desired improvement in the 
crank pin material. 

Turning to the question of heat treatment, [ am interested in Mr. Porter’s statement regarding the 
oil tank 110 ft. deep and 11 ft. in diameter, and a little farther on Mr. Porter suggests that hardening 
and tempering of plain carbon steels can only be indulged in with comparatively snall forgings. It occurs 
to me that it may be the intention to impose some of this quenching treatment on some very large 
forgings, and it would be interesting to know whether these intentions could be directed to the forgings 
we are likely to come into contact with. It scems to me any treatment of a quenching character would 
leave us in doubt as to the quality of the material, because the quenching would only. effect the surface 
and would not give a homogeneous material. He does pass on to say the presence of nickel and chromium 
would render forgings more suitable from oil hardening and tempering, and it would be interesting to 
know whether the addition of these materials would render very large forgings suitable for such 
treatment. 

There are many things I would like to say, but time is getting on, and I will close my remarks by 
thanking Mr. Porter for a most interesting and informative paper. 


H. N. PEMBERTON. 


I am specially interested in Mr. Porter’s remarks on heat treatment. This is a subject to which we 
have recently had to give considerable thought in regard to fusion welding. I think there is no doubt 
we shall find ourselves indebted to Mr. Porter for throwing the light of his practical experience on this 
important subject. 1 made an attempt to deal with the theory of heat treatment in my own paper and I 
may say Mr. Porter has cleared a certain amount of confusion of thought I had on the subject, but there 
is still a little confusion left and I have one or two questions I would like to put. 


It is apparent from the remarks contained in the paper that grain size in a structure bears a definite 
relationship to ultimate tensile strength. Is it right to say the finer the grain the higher the ultimate 
tensile strength ? What then is the relationship between grain size and ductility as shown in a tensile 
specimen ? Some tests I had the opportunity to carry out on weld metal revealed that weld metal 
deposited in multi runs was in a very refined state. After heat treatment carried out above the upper 
critical temperature, the ultimate tensile strength was reduced, and the elongation slightly improved. 
That, I take it, is definitely opposite to the effect you get by the same treatment of a piece of steel. 
Further, the grain size was slightly bigger in the normalised state than in the “as welded.” This seems 
to indicate there is a certain grain size corresponding to a certain required ductility. I am particularly 
interested in Mr. Porter’s definitions of “ normalising ” and “annealing.” Apparently the nomenclature 
is governed by cooling conditions, and has nothing to do with the maximum temperature involyed. At 
the same time I would like him to differentiate between tempering and hardening. It is possible my own 
ignorance prevents me from understanding fully his remarks on this subject, but would I be correct in 
saying that his tempering treatment corresponds to what we term “stress relieving ” ; and I would ask 
him why stresses should be relieved at temperatures below the lower critical, and further, why the 
ductility and toughness should be improved as stated at the bottom of page 17. 

What metallurgical change takes place to induce the softness which takes place in quenching steel 
below the line PS on the chart ? 

At the top of page 17 Mr. Porter remarks that ‘if steel is heated considerably above the upper 
change point, grain growth occurs by the coalescing of the small grains, and on cooling, the material will 
show a coarse structure which considerably impairs its physical properties.” I am wondering in my own 
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mind whether that is what takes place when you deposit weld metal. There you have metal considerably 
above the melting point of the material, and it cools fairly rapidly. The importance of correct welding 
amperage control can be inferred from Mr. Porter’s remarks. If you deposit weld metal in a single run, 
you do get coarse grain structure, a structure which is not very good from the point of view of ductility. 

On page 18 Mr. Porter states ‘“‘ With very soft steels (1 per cent. carbon) a single quench in oil or 
water will also improve mechanical properties.” 1 am inclined to think he should qualify his word 
“improve,” because if we turn back to page 17 we find this rapid quenching of steel considerably 
increases tensile strength, but the ductility and impact values are correspondingly low. I would hardly 
call that improving mechanical properties. 


One final request to Mr. Porter. I would very much like to know whether micro-photographs are 
available to correlate with the table at the bottom of page 18. 


A. A. A. CHALMERS. 


I came here to-night to listen and not to talk, but I think the President’s suggestion is one that | 
should not have allowed him to make. 1 felt I should say something about this most excellent paper. 
I wish time had been longer and we could have heard a good deal more discussion. I like to see a man 
going through it; it does us all good. 


I do most sincerely congratulate you, Mr. Porter, on the usefulness of your paper, and I trust that 
this will not be your last visit, and that next time you will give us just as useful a paper and make some 
warmer friends than you haye even made to-day. 


C. Macpurrson (Kobe). 


In reading through this Paper one is struck by the very large field covered, and it is thought that 
the thanks of all outport Members are due to the author for a very clear and concise description of 
the various processes adopted in the production of steel forgings. The value of Papers such as this, 
filled with a store of valuable practical information, cannot be over estimated. 

The following slight variation of the method shewn for forging combined webs and pins for 
crankshafts, as adopted in certain forges in Japan, may be of interest. although it will be more 
expensive than the method shewn in Fig. 12. 


Instead of completing the shape of the web as shewn by the author, a piece of the forging, of the 
required weight is cut when the shape has been reduced to that shewn in Fig. A. 

A hole for a ‘ Porter-Bar” is then drilled between the webs as indicated and the forging process 
completed. It will be appreciated that, as the block is forged down at the crankpin end, the metal 
will tend to spread, to some extent, in a direction paralle! to the crankpin and forging will require 
to be done in two directions in order to obtain the finished shape. (Fig. B.) 


As mentioned, this is an expensive method of making these paris, but excellent test results have 
been obtained. 

[t would be of great interest if the author would give some information as to the press powers 
required for dealing with various sectional areas of ingots and whether certain defects are likely to 
appear in a forging through using a press of insufficient power. 


A. Warr (Newcastle). 


The author has given the Staff Association a splendid treatise on a most interesting and practicable 
subject. 

In the latter part of clause 5, page 2, the author mentions defects on the surface of the 
o . S . . . e 
forgings caused by surface blow holes. Would a forging with such defects be considered acceptable. ? 

Sometimes forgings such as tail shafts and intermediate shafts are found to have “ghost” lines 
running longitudinally for practically their whole length at points in their circumference corresponding 
with the hexagon or fluted corners of the ingots. Does the presence of these “ ghost ”’ lines indicate 
that sufficient machining allowance has not been made on the forging ? and should such forgings be 
rejected ¢ No doubt the author covers this point in his notes on “ Forging Technique ” on page 4, 
clause 2, but it would be helpful to have his considered opinion. 

Forging ratios are mentioned in clause 1 of this Section. The rules also require that forgings such 
as crankshafts, etc. “are to be gradually and uniformly forged.” 


In the case of forgings for solid forged multi-throw crankshafts, and for the webs and pin pieces 
of semi-built crankshafts it is not easy to obtain this gradual forging. 


The author points out in page 6, clause 4, the value of forging down where a sudden change of 
section occurs, and describes on pages 8 and 9 several methods of forging solid forged crankshafts. 
He also points out in connection with heat treatment on page 17, clauses 5 and 7, the need for a second 
normalizing treatment after the blocks have been cut out to form the journals. Forgings of this class 
have been successfully made in this country and abroad for quite a number of years. The twisting 
of the journal, even to the extent of 180° has been done satisfactorily, and tends to toughen the part 
which is twisted, but does not help the parts adjoining the webs, 7¢., at the small fillets. 


In practice, both the solid forged crankshaft and the semi-built crankshaft have not been an 
unqualified success. The * notch effect” at the fillets of the journals and crank pins to their webs 
is always present. This effect is more serious where some engine makers reduce the radius of fillet to 
as small as 10 m.m. on a 15" diameter shaft, so it is fortunate that fractures at the fillets of the crank 
pins and/or journals are not more frequent. 


Another bad feature of these two types of crankshafts is the small amount of forging that can be 
done at these critical points, for the material which gets most working or forging is cut away to form 
the journals and pins. This is emphasised by the author on page 17, end of clause 5 and beginning 
of clause 7. Would the author state whether check tests are usually made from the blocks cut out 
to form the crank pins so as to test the quality and ductility of the forgings at the surface radius of the 
journals ? On the Continent and abroad, approval has been given for forgings to be made from ingots 
of such area that the ratio of ingot area compared with the area of forging (as forged) in way of the 
journals (which are formed by cutting out blocks as. shewn in plates 7, 9, 10, 11 and 12) is much less 
than five to one. 

In such cases which have come under the survey of the writer, check tests were cut in_ three 
directions from the blocks cut away to form the crank pins, and many of these bend tests cracked when 
bent to about 40°, the radius of bend being then 14". Subsequently the forging and test blocks were 
properly normalised and satisfactory results were obtained, viz., 180° with 2’ to 4" radius or at least 
125° for cross test pieces. 


In one case a Continental firm which manufactures solid forged crankshafts increased their quoted 
price for the forgings by 50% when check tests were specified, so it looked as if this firm expected 
trouble with their test results. 


The author’s opinion expressed at the beginning of page 18 that proper normalising should be 
specified is concurred in, and means should be provided for checking this. 


The author’s remarks on the correction of twisted rudder stocks and mainpieces on pages 1, 3 and 
4 are very useful, as also are his remarks on the normalising of steering chains in the concluding 
paragraph on page 19. Surveyors should easily keep in mind that, in the absence of pyrometer 
equipment, heating to an ‘ orange red colour” is to be aimed at. 


P. KertsHer (Prague). 


I wish to congratulate Mr. Porter on his excellent and very instructive paper and the great 
knowledge and extensive experience condensed therein, and with reference to pages 6 and 17 in regard 
to transverse strength, and the heat treatment of combined webs and pin in semi-built crankshafts, 
I should like to add a few remarks. 


The author rightly points out that a flow of metal in the direction of forging gives good test 
results parallel to the flow, but has a detrimental effect upon the properties of the material in other 
directions. ‘Therefore, in the case of large forgings where it is intended to attain the most uniform 
properties in three directions mutually at right angles, the size of the original ingot is limited to 
suitable minimum and maximum figures, as ey., in the specification of a well-known firm of engineers 
for large rotors :— 


Diameter of Forging ... fas mn ie 10 20 30 40 50 60 70 ins. 
Minimum Mean Diameter of Ingot ... Pe 15 30 44 56 67 76 85 
Maximum ,, FA sae oe ey 19 3D 52 65 76 86 95 ,, 


Combined webs and pin forgings for semi-built crankshafts receive but a limited amount of 
forging, and the properties of the material must be improved by the double heat treatment stated by 
the author, which at the works in this district is carried out in the following way :— 


The aggregate forging, after the forging operation, is to be annealed for a sufficient period with 
a view to eliminate forging : stresses, at least at 600°C., and allowed to slowly cool down in the furnace 
to 200°C. The individual forgings are then separated, the forgings and the slabs to be cut from 
between the crank webs marked for identification, and the machining operations carried out, leaving 
only a small margin for finishing on all surfaces, including the bores for the journals. With a view 
to attain the most suitable microstructure and physical properties, and to eliminate machining stresses, 
the forgings are raised above Ac3 point, followed by a quick cooling in air down to 450°C. at a rate of 
not less than 5°C, per minute, so that in the interior of the forging the temperature is not higher than 
650°C, in the case of large forgings, followed by a tempering at 650 to 750°C, for some hours depending 
on the size of the forging, and a slow cooling down in the furnace to about a 100 to 200°C. If 
subsequently further substantial amounts of material are removed, an annealing at about 450°O. is to 
be carried out for at least 24 hours in order to completely eliminate the last machining stresses. The 
slabs removed from between the crank webs, marked previously for identification and intended for the 
selection of the required test pieces, are similarly and simultaneously heat treated. 


The combined webs and pin forgings are subjected to complex stresses under service conditions. 
Dr. Dorey mentioned in his paper on ** Crankshafts of Double-Acting Diesel Engines ” that “ For engine 
shafting the only sound basis for strength is the suitable fatigue limit.” Under present conditions it 
is not possible to check the fatigue properties of the material as a part of the routine testing carried out 
by the Society’s Surveyors, but it may be assumed that the forging will withstand the complex stresses 
under service conditions in the best manner if— > 


(a) the properties of the material are uniform in three directions mutually at right angles, 


(6) internal stresses are relieved, and the structure of the material improved by suitable 
heat treatment, 


(¢) care is taken to avoid stress-raising elements in the design of the crankshaft. 
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The properties of the material can be efficiently checked by selecting from the slabs removed from 
between the crank web tensile, bend, and notched-bar impact test pieces in three directions mutually at 
right angles, with bending angles of 180, 150 and 120 degrees in longitudinal, radial and transverse 
directions respectively, and an average figure of the three impact tests not less than 6 mkg/em? in the 
case of Mesnager test pieces (10 mm. x 10 min. square, notch 10 mm. square, notch 2 mm. diameter 
and 2 mm. deep). 


1 suppose that the corresponding Izod figure would be about 20 ft. lbs. One British firm of 
engineers require a minimum of 15 ft. lbs. for large gear wheel rim forgings. Unfortunately, it does 
not seem possible to find any formula to translate the results obtained from one type of impact. test 
pieces so as to correspond with those obtained from a different type. For comparison I made a number 
of Izod and Mesnager tests taken from a large forging having the following properties :—Y.P.—17:9, 
U.T.S.—34'1 tons per sq. in., E.L.—33'4%, R.A.—52°7%, and a series of results was for instance as 
follows :-— 


Mesnager... Ae ae ats ae 4°3, Br; mkg/em? 
Izod aes seid olais Sais 27 — 28 — 24, 26 —16—15, 15 — 24 — 25, ft. lbs. 


It is easier to attain and to check the correct dimensions of a Mesnager test piece than those at the 
bottom of the V-notch of an Izod test piece. Therefore the results of Izod tests at different works are 
liable to differ to a certain extent, as a small irregularity may cause an entirely disproportionate error 
in the result. But also at one works, and with test pieces machined by the same set of tools, I found 
that the Izod figures vary more widely than the Mesnager figures, and that the latter are not very much 
affected by segregrations and other impurities in the steel, whereas the Izod figure will drop substantially 
in such cases. which may be explained by the greater localised stress intensity of the sharper notch 
resulting in an accentuated sensitiveness. 

I should be obliged if Mr. Porter could tell us about his experience in respect of notched-bar 
impact testing of forgings. 


L. C. Davis (Glasgow). 


The author has treated us to a veritable banquet of forging practice. The meal is rich, abundant, 
palatable, and happily, digestible. 


On page 2 the author mentions the case of forgings which give evidence of having been produced 
from lively ingots by shewing a series of small straight lines running parallel to the direction of the 
forging. These, as the paper indicates, may not appear until the final machining, and a very 
disconcerting habit it is, as although with the aid of a fine file and a lot of patience they can usually 
be removed, it is only logical to assume that an additional cut has been taken uniformly over the forging, 
acomplete new set of similar blemishes would be disclosed and, as the ultimate depth at which these 
“lines” would cease to occur can only be determined by further machining and the resultant destruction 
of the forging, I should like to ask the author whether in his opinion the rejection of a forging having 
this characteristic would not be justified. 

The author very properly attacks clumsy attacks at annealing, and instances the variety of that 
treatment as sometimes meted out to steering chains. Similar strange processes are also known to have 
been perpetrated in the cause of “annealing” in the case of steel steam pipes when they are heated by 
instalments over a plumber’s fire, but there are many other similar varieties of the cult. 


It would be interesting if the author could give any results of tests which actually include the 
margin of different heat treatment in one sample of steel. The existence of such margin after heat 
treatment of course represents the negation of annealing, but there are many cases in which its existence 
has to be tactfullly ignored, for example, in all cases of electric and acetylene welding where the entire 
structure cannot be subsequently annealed or normalised. This represents one of the very good reasons 
why such welding is not permitted in boiler plates generally. 

One interesting example of the existence of this margin can be demonstrated by experimenting with 
a gramophone spring. Supposing that the eye has broken at its outer end, and you elect to soften a 
short length of the spring in order to drill a new hole. After a very short service the spring wil] 
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break—exactly where the heating ceased, as evidenced by the colouring. You repeat the process, heating 
more of the spring this time, but after a very short service the spring will break—exactly where the 
heating ceased, and if you heat a foot of it the result will be the same. (Solfo voce—If you really 
want to mend the spring you don’t heat it at all, but punch the hole with the steel unsoftened). 


I should like to be associated with the vote of thanks to Mr. Porter for his excellent paper and in 
the appreciation of the labour involved in its production. 


F. G. Brooke Smrri (Hartlepool). 


The author refers to twisted rudder stocks and mainpieces, and states that, from tests he has carried 
out, the opinion has been formed that such, when twisted back and afterwards given a correct normalising 
treatment are not weakened to any appreciable extent, giving at the same time the results of the tests 
which were carried out, It is felt that this statement will alter many pre-conceived ideas regarding 
twisted rudder stocks and mainpieces, and, as a result, probably many which are found twisted will 
not be so readily condemned. At the same time it is dificult to believe that no appreciable weakness 
will have been sustained to such parts which are considerably twisted in a cold state. When the elastic 
limit of a steel bar, 10 to 12 inches in diameter, has been passed, it is an established fact that “ slip” 
has occurred with the grain structure of the material. It would be interesting to learn if it is contended 
that the “normalising” has entirely restored the steel to its original condition which, in view of the 
“slip” which has occurred, can only be obtained if there is a certain amount of grain growth during the 
“ normalising ”” process. 


With reference to heat treatment the author's opinion would be of interest as to the value of the 
practice adopted, in some cases, of periodically heat treating the steel bolts for bottom end brasses of 
auxiliary oil engines of motor vessels, The writer has come across cases where such practice has been a 
rule in companies owning motor vessels. Enquiry has revealed that the practice has grown up due to 
cases having occurred, in vessels helonging to the companies referred to, where the bolts for the bottom 
end brasses of auxiliary oil engines have failed, with disastrous results to the engine concerned. As a 
precautionary measure it appears that the practice of re-heating referred to has been adopted. Whilst 
it is not within the scope of the present paper to discuss the reasons, and there are many, for these bolts 
failing, it is considered doubtful, providing the bolts, as stee! forgings, were given the correct heat 
treatment in the first place, if the subsequent * normalising” is of any value. The following simple 
test recently carried out, bearing in mind the foregoing practice, may be of interest. A test piece, 
1}" diameter, from a steel forging, 28-32 tons material, was broken in the usual manner. The external 
surface of one part of the broken test piece in way of the elongation, or reduced diameter, was cleaned 
and etched, shewing distinctly the stress lines. The other part was placed in a closed furnace and raised 
gradually to a temperature of 980°C., and maintained at this for about ten minutes, then, in space of 
another ten minutes dropped to 930°C., and afterwards at the rate of 50°C. per minute lowered in 
temperature to 800°C, At tlis temperature the sample was removed from the closed furnace and allowed 
to cool in the open air. The pi:ce so treated was afterwards machine polished in way of the elongated 
part so as to get rid of surface impurities due to the heat treatment, and etched similiar to the other part 
of the brokeu test piece, and it was found that the stress lines on both showed no difference and 
apparently the * normalising ” treatment in this case had not caused re-crystallization of the material. 


The following particulars, according to specification, regarding the general procedure as to the 
forging and treatment of a line of shafting, diameter 19} inch, for a two-stroke cycle double acting oil 
engine may be of interest and the author’s criticisms, if any, concerning these would enhance the value 
of the paper. 


For all forgings in the 34/38 ton Tensile range :— 
1. To be Siemens-Martin Ingot Steel according to classification requirements. 
2. Ingots to be octagonal with ample refractory Feeder Heads, 


3. The upper 30 per cent. and the lower 5 per cent. of the Ingot not to be used in the 
forgings. 
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4. The forgings to be forged in such a manner that the fibres are never interrupted but 
must flow continuously through all parts of the forging. 


5. The reduction of area from the Ingot to the forging not to be less than one third at the 
point of greatest cross section. 


6. After forging, the forgings to be annealed at a temperature of not less than 600°C. for a 
sufficient length of time in order to eliminate stresses due to forging. Afterwards to be slowly 
cooled in the furnace to 200°C—second heat treatment after rough machining to be as follows :— 

“ Normalising ” (quick air cooling) followed by tempering. 

“Normalising ” temperature to be according to the C. content ; and thea as rapidly as 
possible cooled down throughout the mass below. ©.1. to 650°C. at a speed of 5°C. per minute 
and a further cooling down to 450°C. at a lower speed in order that the temperature of the 
core of larger forgings may never exeed 650°C. 

Cooling to be followed by tempering to consist of slowly heating the forging to 650°C., 
and according to size keeping at same temperature for several hours, afterwards, cooling as 
slowly as possible down to L00°—200°C, in a closed furnace in order that all machining 


stresses may be entirely eliminated. The whole of the process to be generally such as to 
eventually ensure a fine grained structure. 


7. Test pieces to be removed from forgings after all heat treatment has been completed. 


For all forgings in the 28/32 ton range, paragraphs 1, 2, 8, 4, 5 and 7 to be applied as to 
procedure, and as regards treatment the following to be substituted for paragraph 6. 


After forgings are completed they are to be allowed to cool down to 700°C.—600°C. and 
then to be slowly cooled down in ashes to under 100°C. before removing to machine shop. _ After 
rough machining parts are to be re-heated in a furnace and normalised above c.—8., cooled down 
in the open air to 400°C., re-heated in the furnace to 650°C., and kept at this temperature for a 
long period to remove internal stresses, and then to be slowly cooled down in fine ashes. The 
whole process to be generally such as to eventually ensure a fine grained structure. 


The final paragraph of the paper condemns a practice which has grown up in the course of time, and 
the author is to be congratulated for drawing attention, in no uncertain manner, to the dangers attached 
to the almost universal method of drawing chains through a fire, or by piling in a heap in a furnace, or 
in a fire. The author, in his opening paragraphs, states he was trained in a smithy and forge ; it is 
probable during his period as a trainee that he, on many occasions, saw and carried out, the pernicious 
practice he now condemns. — From the author’s remarks, it is concluded that steering chains should 
definitely only be heat-treated in a suitable furnace and one preferably under control with pyrometers, so 
that every link is the same. To be able to determine when the temperature is 950°C. to any degree of 
aceuracy, by visual observation of an orange red colour, is a gift probably possessed by few and only 
gained by long experience. It is not unlikely, in view of the author’s remarks, that many breakdowns 
which have occurred due to steering chains breaking can be attributed to the fact that what was a sound 
and safe chain has considerably deteriorated through being subjected to a so called heat-treatment in a 
repair yard not fitted with suitable appliances. 


J. D. Boyne (Glasgow). 


The author’s remarks on the shape of crank webs shown in plate 6 are appreciated. This would 
appear to be the ideal shape for a comparatively long stroke engine with ample distance between the two 
shrinkage grips for each to be considered separately, Nevertheless the present tendency in the design of 
webs for large fully built cranks is towards an elliptical shape with a rather broad minor axis. It ts 
claimed for this form that, when pin and journal shrinkages are carried out at one heat sufficient hold 
between pin and journal will be maintained by the extra backing of material even although the metal 
immediately surrounding the holes be stressed beyond its elastic limit resulting in severe strain in the 
web at the narrow belt along the centre line. 
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The Society’s Rules require at least one tensile and one bend test to be taken from each forging. 
Under what conditions would the author recommend more than one set of test pieces to be taken ? 


On page 18 the author states: ‘It is only in the heat treated condition that the best mechanical 
properties of alloy steels can be obtained.” It is considered that a stronger statement than the above 
might be put forward, /.¢., alloy steels, if not properly treated, are inferior in many ways to mild steel. 
There are instances where special alloy steel studs and bolts (e.g., in Auxiliary Diesel Engine main bearing 
and bottom end bushes) have failed in service. ‘The replacement of these in ordinary mild steel has 
usually given satisfaction. Under these circumstances it is dificult to persuade some Owners represent- 
tatives to revert to the special alloy material at the first opportunity even though the makers are prepared 
to guarantee efficient heat treatment. Can the author state whether there would be any advantage in the 
periodic normalising of such bolts ? 


Mr. Porter is to be congratulated for presenting to the Association such an instructive paper. 


REPLY BY THE AUTHOR. 


Mr. Heck has raised some very interesting points, and in regard to the amount of discard from ingots 
for forging purposes it is considered that 38 per cent. from the top and 5 per cent. from the bottom end 
will in general ensure sound forgings. In most cases the head of the ingot (plate 20) represents about 
25 per cent. of the ingot, and generally speaking the axial V cavity continues well down the head. For 
forging purposes it is usual to part off the ingot two or three inches below the head which amount is 
equal to about 83 per cent. discard. 


A properly constructed annealing furnace is one sufficiently large to accommodate the whole forging 
or casting in which the heat could be slowly raised to the desired temperature to ensure uniformity of 
heat throughout its entire structure. The case mentioned by Mr. Heck where a temporary addition to an 
annealing furnace was made up from fire-bricks and fire-clay, etc., is in the opinion of the author a 
practice that should be discouraged. A large percentage of the stern frames made to-day are steel 
castings, and as the cast structure can only be broken up by correct heat treatment it is essential to have 
proper annealing for this important operation. With reference to solid forged crankshafts and combined 
webs, the reduction of one-fifth of the cross sectional area is rarely obtained, but the ingot should be 
sufficiently large to give at least a two-thirds reduction. It has been the author’s experience that, in 
some cases, this reduction does not entirely break up the cast structure, particularly in the centre of the 
forging, and it is therefore important that suitable heat treatment should be given to remedy this, The 
author is of the opinion that the following heat treatment is necessary for solid forged crankshafts, and 
combined webs and pins for semi-built crankshafts. 


After forging they should be annealed, 7.¢., allowed to cool in the furnace to ensure uniformity of 
cooling throughout the mass. When surplus material has been removed they should be normalised (if 
twisting is required this, of course, must be done before normalising), and after rough machining they 
should receive a low temperature treatment to remove machining stresses. If this is carried out, and 
time and temperature strictly adhered to, the structure should be satisfactory. It will be understood that 
time is regulated by the size of the forging and temperature by the carbon contents. 


In reply to Mr. Lockney, the author agrees that in the manufacture of combined webs and pin 
forgings the pin should be parallel to the central axis of the ingot and this now appears to be the usual 
method of manufacture. It is also usual to regard these web forgings as ‘ non-body’ when applying the 
rules, although the reduction is often about *4 of the cross sectional area of the ingot. In the manu- 
facture of such forgings it would-require a very large ingot to give a reduction of *2, and in the opinion 
of the author, even though the ingot was sufficiently large to give this reduction it would not entirely 
eliminate the weakness at the junction of the web and pin. 


The author is not in agreement with Mr. Lockney’s remark that “forging the taper on combined 
webs and pins (in preference to machining) does not effect any improvement in the strength of the pin” 
and further “that heat treatment will not effect the desired improvement.” It must be appreciated that 
three or four combined webs are made in one long forging, and special tools are fitted to the press to form 
the taper. The forging is done in a longitudinal direction and althongh the material is, to a certain 
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degree, spread in a transverse direction it also receives a good amount of work in its length. With 
reference to heat treatment not effecting the “desired improvement” I feel sure Mr. Lockney appreciates 
the great improvement in the material, brought about by proper heat treatment, and although this is ¢ 
very important part of the manufacture of these forgings, it is only one of many conditions that must be 
present if the desired results are to be obtained. With respect to the oil tank 110 feet deep, the firm in 
question would under no circumstances adopt a method of heat treatment knowing that such method 
would be detrimental to the forging. Messrs. Beardmore & Co. have a 12,000 tons press in their Park 


Head Works, and so far as the author is aware, Sheffield can produce an ingot about 200 tons weight. 


With reference to the latter part of Mr. Lockney’s contribution, the presence of nicke! and chromium 
would render large forgings suitable for hardening and tempering in oil. 


In reply to Mr. Pemberton’s contribution, it is quite correct to assume that the finer the grain size 
the higher will be the ultimate tensile strength, and as cooling is accelerated the grain size becomes 
smaller. ‘This is evidenced when steel is hardened by quenching in water, when the structure will show 
a very fine grain size and high tensile strength, but the ductility will be comparatively low, whereas if 
the steel was normalised, i.e., cooled in the air, the tensile strength would be lowered and the ductility 
inereased. It would also be seen that in the normalised condition the grains would be larger than in 
the quenched steel owing to the different rates of cooling, but it would not represent a coarse structure. 
Mr. Pemberton gives the results of tests carried out on weld metal, which after normalising, showed a 
reduction in tensile strength while the ductility was improved. It will be seen by the above remarks 
this is exactly the effect produced by normalising steel and not * definitely opposite” as suggested by 
Mr. Pemberton. Owing to the rapid cooling of weld metal a finer grain structure will result than by the 
slower cooling of the test piece of deposit metal during normalising. Under certain conditions this 
statement should be qualified, viz., in the repair of a broken stern frame by electric welding. If welding 
is kept up continuously—by relays of workmen. if necessary—until the operation is completed, the 
cooling will be retarded. Again, if the frame was broken right through its section, two operators, one 
at each side of the scarf working continuously, would result in much slower cooling and the structure 
would be improved. To restore the ductility in hardened steels tempering must be carried out, and 
this raises another important point in Mr. Pemberton’s contribution, 


It is quite correct to assume that tempering is a stress relieving treatment, and the reason why such 
stresses are relieved at temperatures below the lower change point is to enable the steel to be softened 
without altering the microstructure. When steel is cooling through the critical range, structural changes 
take place as the temperature falls, and if the steel is quenched when passing through this range the 
resultant structure would be Austenitic, or Martensitic, or Trootsitic, or Sorbitic, or Pearlitic, showing 
the respective degrees of hardness. If the steel is quenched at the upper critical point it will have an 
Austenitie—or in the lower carbon steels—a Martensitic structure, and will be very hard. When re- 
heating for tempering, owing to the carbides commencing to diffuse at 700°C., the temperature must be 
kept below this if the quenched structure is to be retained. Stresses induced by hardening can be released 
by tempering from 500 to 650°C. without altering the micro-structure. With ordinary plain carbon 
steel no metallurgical change takes place, but in nickel chrome steels a metallurgical change does take 
place, as quenching after tempering prevents cementite separating out to form round the grain boundaries. 
When such steels are cooled slowly after tempering, the cementite separates out to form enyelopes round 
the grain boundaries, which results in the temper-brittleness previously referred to. Steel in the 
normalised condition may have stresses induced by quick air cooling, and ductability and toughness can 
be improved by the low temperature treatment mentioned. Mr. Pemberton very properly asks me to 
qualify my remarks regarding the quenching of a1 carbon steel to “improve” its quality. If a piece 
of wrought iron is quenched the tensile strength is not altered, but with the addition of even a small 
percentage of carbon (very soft steel) quenching will improve the tensile strength without appreciably 
lowering its ductility. It will be observed that my statement referred to ““ very soft steels” containing 
‘1 per cent. carbon (this should have read up to *1 per cent. carbon), while on page 17 we were dealing with 
‘25 per cent. carbon steels, a very different matter. I regret I cannot comply with Mr. Pemberton’s 
final request, as micro-photographs are not available. 


Mr. Brooke-Smith, in his very interesting contribution, entertains some doubt respecting the effect 
of normalising on twisted rudders, and perhaps this doubt is shared by many colleagues. It must be 
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appreciated that the tests carried out by the author, viz., twisting “cold” a piece of steel through an 
angle of 90° ismuch more drastic than a rudder stock or mainpiece would receive in damage. The 
elastic limit was certainly passed in this instance, yet after normalising, the test results show that the 
strength and ductility of the metal has not been impaired to any appreciable extent. Again, if such 
treatment does not restore the strength and ductility after being stressed beyond the elastic limit, how 
would it be possible to manufacture cold drawn wire, or cold drawn tubes ? When tubes are drawn cold 
they must be heat treated after each single draw for if an attempt was made to make a second draw 
without such treatment, the tube would be scrapped. The author has also had experience of the manu- 
facture of several thousand “ thimble tubes” 12 ins. long x 24 ins. diameter tapered to 13 ins. diameter. 
These were pressed cold from flat plates 12 ins. diameter, six operations being necessary to complete the 
tube. The steel was stressed beyond its elastic limit at every operation and without proper heat treat- 
ment between such operations the tubes could not have been manufactured by cold pressing. 


It is, however, appreciated that in many places all over the world there are no facilities for heat 
treatment of a twisted stock or mainpiece and under such circumstances the only alternative is to renew 
the damaged parts. Mr. Smith has drawn attention to the failure of bolts for bottom end brasses of 
auxiliary oil engines, and the practice of periodic heat treatment as a precautionary measure to obviate 
this. He also considers it doubtful if, after receiving the correct heat treatment when manufactured, 
subsequent heat treatment is of any value. As Mr. Boyle has also referred to similar failures in his 
contribution it is evident that such failures are engaging the attention of many colleagues. Mr. Brooke 
Smith rightly points out that it is beyond the scope of this paper to discuss the reasons for such failures, 
but it is also very necessary to know the history of any failure before one could come to the conclusion 
that subsequent heat treatment would be of no value, even although it has received correct heat treatment 
in the manufacture. 


Let us first consider bolts made from a nickel chrome alloy. It is known that this alloy, under 
comparatively low temperatures, develops temper brittleness and the impact value is very considerably 
reduced. Under such conditions periodical heat treatment would be beneficial, but such steels would 
require to be oil hardened and tempered, not normalised. Secondly, in the case of plain carbon steel 
bolts, brittleness—or age hardening—will also occur at certain temperatures if the steel has been cold 
worked. Such a bolt could be badly strained by putting a length of tubing on the end of the spanner to 
tighten the nut, or by the use of a heavy hammer on the end of thé key (most engineers are familiar with 
such methods) and at a temperature as low as 25°C. this bolt would be embrittled. Under such conditions 
normalising would remove such brittleness and restore the bolt to its original strength. 


Mr, Brooke Smith gives an example of one part of a broken test piece 1} ins. diameter being raised 
to a temperature of 980°C. and after such treatment an etch test revealed lines of stress similar to the 
untreated half. It is further suggested that “ normalising”? has not caused re-crystallization of the 
metal. 


There is no doubt that re-crystallization takes place at a temperature of 980°C, and the lines shown 
after etching would be caused by the flow of metal in the direction of pulling. It will be appreciated 
that when a test piece is pulled (provided it is fairly ductile) there is a considerable elongation of the 
crystals. Suitable heat treatment would break up these long crystals, but such a structure could not be 
seen by an etch test. Such a test even after heat treatment would still show the lines of flow, and it 
would be necessary to examine the specimen under the microscope before the actual breaking up of the 
crystals could be observed. 


With reference to the general procedure in the manufacture of line shafting for an oil engine, I 
have to make the following observations. Paragraphs 1, 2, 3, 4 and 5 are considered good practice. 


Paragraph 6. For shafts of large diameters such as are mentioned, a low temperature anneal after 
forging is considered good treatment. This operation is to ensure uniformity of cooling, and not to 
relieve forging stresses. Forging would cease at about 750°C. and any stresses induced would be entirely 
removed by the normalising which follows after rough machining. 


The author is of the opinion that rapid air cooling should not be indulged in with such large forgings. 
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When the shaft is withdrawn from the normalising furnace to cool in the air it should be allowed to 
cool uniformly in atmospheric temperatures and cooling should not be accelerated beyond this. In the 
treatment which follows, i.c., tempering from 650°C., the forging could be cooled in the furnace, or in 
the air, according to the degree of toughness required. In the latter part of this subject it is noted that 
when dealing with a 28/32 ton steel, (which tas a lower carbon content than the former 34/38 ton range), 
cooling in ashes is resorted to. This may he acommon practice with high carbon tool steels, or tungsten 
steel for high speed tools, as the prolonged cooling rate softens the steel for machining purposes, but it is 
rather difficult to imagine large shafts being dealt with in this manner. It is not done in this country, 
and prolonged cooling of shafts from 650°C. is, in the opinion of the author, not good practice. 


In reply to Mr. Watt, a forging with surface defects caused by blow holes, should the author thinks, 
under no circumstances be accepted. The presence of “ ghost ” lines does not necessarily indicate 
insufficient machining allowance, as these lines are often present in the fully machined forging where it is 
known that ample machining allowance has been made. It is, however, quite possible to find “ohost ” 
lines under the conditions stated. Such ‘apparitions ” need not give rise to any undue anxiety provided 
they are not accompanied by sand spots. Where an abnormal number of “ghost” lines appear 1b is well 
to examine these very carefully, and if there is any evidence of sand, the forgings should he rejected. 


Mr. Watt’s remarks on the twisting of crankshafts are appreciated inasmuch as they emphasise 
what the author has stated, i.e, the length of the twisted part should be taken into consideration when 
determining the method of manufacture. With reference to check tests from the block removed from 
the gap in the manufacture of solid forged crankshafts, these tests are frequently taken but it does not 
appear to be a usual practice, although it is considered by the author very necessary that such tests 
should be carried out. It is advisable to select the block tests as near to the pin as possible, and further 
tests across the block, at right angles to the former, should also be taken. 


In reply to Mr. Davis, the examination of a finished machined shaft often shows surface marks 
that are very disconcerting to the surveyor. The series of small straight lines which he refers to may 
be the result of blow holes, or insufficient machining allowance, or non-metallic inclusions. Blow holes 
are not common in forgings, but occasionally a shaft may show one or two lines running parallel to the 
direction of forging which could be traced to such causes. They appear as small straight cracks owing 
to the original cavity being closed and elongated during forging. If insufficient machining allowance 
is the cause of surface marks, they will be seen all over the shaft, not necessarily in the direction of 
forging, and such marks may be removed by a small reduction in the diameter of the shaft. It is very 
important that surface marks, caused by either of the two cases mentioned should be removed, as they 
are a definite line of weakness and under some conditions may be the commencement of a crack. The 
remaining cause of surface defects, “.e., non-metallic inclusions (dirty steel) is no doubt what Mr. Davis 
refers to in his remarks. An occasional inclusion need nob cause any anxiety always provided it is 
removed, but if such inclusions are scattered over the shaft, it will be found that during machining, 
while some marks are removed, others appear as the diameter is reduced. When these conditions 
prevail rejection of the shaft is perfectly justifiable. 

With reference to the results of tests which include the margin of different heat treatment, I regret 
that I have not the results of such tests to hand, but Mr. Davis has given a good example in describing 
experiments with a gramophone spring. 


Mr. Boyle’s remarks respecting the elliptical shaped crank web with broad minor axis are interesting, 
and it is of course necessary that the shrinking of pin and journal should be done in one heat, owing to 
the short distance between them. The author is not in agreement with the claim that the extra backing 
of material through the broad minor axis would compensate for the weakness at the ends of the web. 
When the cold pin and journal are placed in the hot web for shrinking, even they have a chilling effect 
on the surface of the holes, and it is thought that cooling would be much quicker at each end of the 
major axis of the web, than through the minor axis, owing to the large backing of material. Although 
the author is doubtful that the elastic limit would be passed he is of the opinion that under such condi- 
tions there would be severe straining at the ends of the web. — It is further thought that crank webs of 
the design mentioned by Mr. Boyle would be much better forged in the method shown on Plate 6 than 
manufactured from cogged slabs. The forging in the middle of the web which give the figure of eight 
appearance would not, of course, be carried out. 
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There are many conditions under which it is advisable to take more than one test froma single 
forging, and although the rules state that “at least one test shall be taken” the surveyor has every right 
to select more tests if it is considered necessary. 


A solid forged crankshaft should have tests taken from each end and one from the block removed 
from the gap. From combined webs and pin forgings tests should be taken from the block near to the 
pin, both longitudinal and transverse, and when webs are manufactured from cogged slabs, length and 
cross tests should be taken. Experience has shown that in the manufacture of many important forgings 
solid blocks are forged and the job afterwards cut from such blocks. In some cases a length test taken 
from the block would not always indicate the strength and ductility of the material, and it is advisable to 
see the job marked off before selecting tests. It may be found that some very important part, as marked 
off on the block, is at an angle of 45° to the central axis, and in such cases tests should be taken parallel 
to these important parts to arrive at the correct strength and ductility of the job in service. The author 
is also of the opinion that tests should be taken from each end of all line shafts of large diameters. The 
tests representing the top of the ingot would show very definitely if the percentage of discard was 
insufficient. 


The answer to Mr. Boyle’s remarks concerning the failure of studs and bolts in main bearing and 
bottom end bushes has been dealt with in the author’s reply to Mr. Brooke Smith. 


Mr. Macpherson’s remarks concerning the manufacture of combined webs and pins in Japan are 
interesting, and the author appreciates that by such method forging is carried out in two directions in 
the region of the pin. It must also be appreciated that repairs have to be carried out in many places 
where there are no facilities for dealing with heavy ingots. Under such conditions this method could 
be adopted with good results, provided that care is taken to forge the taper so that the pin is parallel to 
the central axis of the ingot. With reference to press power required for various sizes of ingots, it is 
regarded by manufacturers as a very uneconomical way of producing forgings if two or three heats have 
to be taken to forge a job that should be completed in one heat. This is what happens with a press of 
insufficient power. If, however, the power of the press is totally inadequate to give a reasonable 
deformation throughout the whole cross section of the ingot, the cast structure will not be completely 
broken up. It is considered that no defects are likely to appear under the conditions stated, but a 
micrograph would show a structure that had not received a sufficient amount of work. 


The following may be taken as a rough guide for press power in relation to the size of ingot :— 


Power of Press. Diameter of Ingot. 
800 tons... 7, ite zs a .. Up to 15 ins. diameter 
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I am indebted to Mr. Kirtscher for his contribution. With reference to the specification mentioned 
giving maximum and minimum diameters of ingots for large rotors, it is evident that transverse 
weakness has been considered. It is known that the more work a forging receives in the longitudinal 
direction, the weaker such forging becomes in a transverse direction, and the specification quoted limits 
the amount of work in the longitudinal direction. The heat treatment mentioned for combined webs 
and pins is appreciated, but the author considers the tempering temperature should be no higher than 
650°c. It is considered that any stresses induced by air cooling would be completely removed when this 
temperature is reached. Mr. Kirtscher’s remarks on the fatigue properties of the material for combined 
webs are also interesting. If, in such forgings, and solid forged crankshafts, the conditions mentioned 
in (a), (b) and (c) were present, no doubt the shaft would be better able to withstand the complex 
stresses which it receives under service conditions. It is however thought, that while (6) and (c) may 
be strictly observed, (a) would present more difficulties. This will be appreciated by the results of tests 
taken mutually at right angles, and many manufacturers object. to such tests being taken if they are 
not definitely specified. 
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With reference to notched bar impact tests, the Izod 120 ft. tb. testing machine appears to be the 
most popular in Britain, and as Mr. Kirtscher states, it 1s difficult to obtain any comparison of values 
between the Izod, the Charpy and the Frimont testing machines. 


The author appreciates the great disparity often shown in Izod values even in the same test piece, 
but the fact that such disparities exist prove that something is present in the steel to produce them. The 
V notch in the Izod test piece, being much more senitive than the U notch in the Mesuager test piece, 
would, as suggested by Mr. Kirtscher, quickly show a drop in Impact values if an inclusion was present 
at the bottom of the notch. If, however, such tests are required to show the resistence of the forging to 
the propagation of cracks, it is thought the Izod test would be preferable to the Mesuager. ‘Tests recently 
taken by the author from nickel chrome connecting rods (drop forged) gave the following results :— 


Tensile 46 tons per sq. in. Elong. 8 per cent. Izod 100, 99, 98 ft. Ib. "This illustrates a splendid 
combination of strength, ductility and toughness and it will be readily understood that heat treatment 
was, to a very large extent, responsible for such results. It has been the experience of the author, that 
the Impact test alone shows whether the steel has received proper heat treatment and that ductility 
has little or no relation to toughness. This has been proved by tests taken from forgings that have 
received no heat treatment, such tests showing good tensile and tuctile properties with impact values as 
low as four foot pounds. After correct heat treatment the ductility dropped slightly, but the impact 
value was raised to 40 ft. lb. The impact test is also of special value in nickel chrome alloys. Such 
alloys are usually included when the forgings have to withstand shock, and unless the correct heat treat- 
ment is given they will be very brittle. Experience has proved that when they are cooled slowly after 
tempering, what is known as temper brittleness is present, but when quenched after tempering they 
develop great toughness. The tensile and other properties are about the same with either of the above 
methods of treatment and it is only the impact tests which reveal the temper brittleness. 


I wish to express my very best thanks to the Chairman, Mr. Blocksidge, for the kindness and 
hospitality shown to me during my visit to London, and I am extremely grateful for his assistance. In 
reply to his remarks, the manufacturers of drop forgings are certainly not lacking in enterprise in 
applying the latest and most up to date alloy steels for such forgings. The motor industry is no doubt 
keeping many of these works busy and alloy steel forgings, such as crankshafts, connecting rods, etc., are 
being turned out by the thousand. The introduction of alloy steels to the drop forging industry has 
necessitated the adoption of modern heat treatment plant and the class of work manufactured is of a very 
high standard. A further recommendation is the low machining cost, as these forgings are stamped to 
size with a good finished surface and in most cases only the contact parts need machining. 


Inconclusion, I must now thank those of my colleagues who have shown an interest in the paper by 
their criticisms or personal expressions. Although the contributions have been few they have never- 
theless proved of considerable value to the paper, and the author feels that time will not allow full justice 
to be done in the reply to such excellent contributions. The manufacture and heat treatment of forgings 
must be recognised as one of the most important branches of the engineering industry, and if the paper 
proves useful to those who have to deal with forgings the author is fully repaid for his efforts. 


Pin G2 Te La al Ex 


By H. McCRIRICK. 
Reap Marcu 7rH, 1935. 


INTRODUCTION. 


‘The steady drift North of shipbuilding from the River Thames during this century gives London a 
very inferior position in the annual returns of new tonnage from the shipbuilding centres. Notwith- 
standing this steady decline in Thameside shipbuilding, it is interesting to note that the manufacture of 
all sizes of bronze marine propellers of a H.P. exceeding that of any other area has been retained in the 
London district and quite a fair proportion of this work is for foreign account. 

While this paper deals principally with the manufacture of propellers as designed and cast by a firm 
which has specialized in this work for the past fifty years, it is thought that as a matter of general 
interest to all, a short reference should be made to the opposition and early difficulties encountered by 
propeller enthusiasts over a century ago when the steam engine was starting to find favour in the marine 
world. 

Many very interesting papers which involve much thought and study on all points of propeller 
design are placed before the numerous interested technical institutions every year. Discussion on many 
points brought forward in these papers is left to a very limited circle of designers or propeller specialists, 
where, a matter of thirty years ago, when propeller research was in its infancy, most shipyards had a 
designer or draughtsman with a special aptitude for this class of work, and every superintendent engineer 
had his own well thought out theories which were brought forward to be embodied in any new propeller 
which he ordered. 

Now this is changing, everywhere it is speed with economy. The research tank experts and 
manufacturer’s designers are now called in to advise on propellers for new tonnage, and also to give an 
opinion on rejuvenating some of the existing tonnage, where economies in the order of 10 per cent. have 
already been claimed for some of the older vessels. 

Where the normal average bronze propeller for a single screw cargo vessel would be about 18 ft. 
diameter, and transmit 1,500 shaft horse power with an approximate weight of eight tons, propellers have 
recently been made having a weight of 35 tons and transmitting 50,000 shaft horse power at 200 R.P.M. 
(Fig. 1), and on the other hand, propellers of about 16 inches diameter and weighing a few pounds have 
transmitted 1,400 shaft horse power at 3,500 R.P.M. (Fig. 2). 

Hisrorical.—The use of a helix on a revolving shaft as a hand water pump for irrigation purposes 
many centuries ago was no doubt the forerunner of the propeller as we know it to day. 

In Europe it was not until about the middle of the eighteenth century that a proposal was made by 
a Frenchman to fit inclined planes on a rotating shaft, which was to be placed on the side of a vessel to 
act like a screw propeller, the shaft drive was to be from hand worked capstans which were placed 
on deck. 

In its embryo stage 150 years ago, the propeller was an idea only and 590 years had to elapse before 
it began to take definite shape and come forward as a competitor to the paddle wheel. 

Joseph Bramah took out a patent for screw propulsion in 1785 but very little appears on record of 
its application until 1804, when J. Stevens of Hoboken claims to have steamed from that place to 
New York in a small vessel fitted with a screw propeller driven by an engine. Few details are available, 
but either the propeller or the propelling unit were not considered successful and the idea lay dormant for 
about 25 years. 

In 1829, W. McCririck Gunsmith Irvine placed before the Royal Society of Arts at Edinburgh a 
model demonstrating the matured development of experiments conducted by him during several years. 


Various designs of side and stern propellers which he proposed to use in place of the paddle wheels 
are shown on plates (Figs. 8 and 4) which have been taken from the model that is now exhibited in the 
Glasgow Art Gallery. 

The port propeller is made up of two blades, each of which has a complete convolution. 

The starboard propeller is made up of six blades, each of which represents about }th of a convolution. 

The stern propeller is two bladed, and to enable it to be adapted for ships of war, a universal 
coupling was fitted on the shaft close to the propeller, so that it could be used as a rudder for quick 
manceuyring. 

In 1830, the model was submitted to The Royal Society of Arts, London. Both Societies placed the 
matter in the hands of their Committees, who reported discouragingly on its merits, though it is claimed 
that the propeller patents taken out in 1836 were directly traceable to this model. 


The adoption of steam for use in driving paddle wheels was increasing, and a serious effort. was now 
made by F. B. Smith of Hendon, Middlesex, and Capt. J. Ericsson, of Sweden, to develop the propeller to 
: ’ proj 
replace paddle propulsion. 


Tn 1834, F. B. Smith had a model successfully propelled by a clock work driven propeller, and in May 
1836, he took out a patent for an improved propeller which consisted of a screw or worm being made to 
revolve rapidly under water in a recess or open space in the after part of a vessel. 

A vessel of this form was successfully tried on the Paddington canal between November 1836, and 
September 1837, after these experiments were considered to be a practical proposition, F. B. Smith and a 
few friends constructed the * Archimedes,” which is claimed to be the first sea-going screw steamer to be 
built. The “Archimedes,” which had a tonnage of 237, was launched in October, 1838. She was 
propelled by a single threaded screw of one convolution at a speed of 94 knots. The propeller was subse- 
quently altered to two half threads placed opposite to each other on the shaft. The pitch or length of 
shaft which would be oceupied by one complete convolution was 8 ft. and diameter was 5ft. 9 in. It was 
soon discovered that it was not necessary to make the blades equal in length to half a convolution of the 
thread. From experiments, something like 3th of a convolution was considered sufficient, and a third 
propeller designed on these lines was then fitted. 

The screw-propeller, now considered as having passed the early experimental stage, was adopted by 
the Admiralty and fitted to H.M.S. “Rattler.” Many decided advantages were claimed for its use in 
preference to paddles. In warships it had protection by being fully immersed, and in cargo vessels a few 
feet of. difference in loaded draft did not interfere much with its efficiency. 


Until about 1860, just after the advent of the “Great Eastern,” which, by the way, had both paddles 
and propeller, the majority of marine engines were of the horizontal side lever type, and had to be geared 
up to run the propeller at an efficient speed. 

Marine engine design had now been advanced to suit the best propeller speed for a direct drive. 
Designed revolutions were between 60 and 100 R.P.M., and between the years 1860 /o 1880, the inverted 
type compound surface condensing direct coupled engine merged into the triple expansion engine as the 
power unit. 

Up to this time, cast iron was the accepted metal for propellers, but following the satisfactory 
results of tests carried out at the Royal Arsenal, Woolwich, on certain new alloys of the bronze type, the 
s.s. “Garth Castle” was fitted in 1881 with a propeller of this new metal, and is the first mercantile 
vessel to be fitted with a bronze propeller. 

The introduction of the steam turbine in 1896 prepared the way for the increase of power and speed 
in ships, and, incidentally, propeller design had to be altered to meet the new conditions. In some cases, 
propeller revolutions were trebled, pressure of water per square inch of blade surface was doubled, and 
the weight of propeller per horse power was reduced by half. These modifications in design brought 
with them a difficult: metallurgical problem. Blade erosion, which had already been overcome by the 
adoption of bronze in place of cast iron propellers for reciprocating machinery, appeared again in a very 
serious form, and came to a head with the propellers of the “ Lusitania” and “Mauretania” in 1906-7, 
the rapidity of wastage was such that the life of a propeller was only a few months. After much research, 
an alloy was discovered which proved itself to be very free from erosion, while still retaining high 
physical qualities. 


DESIGN. 


The presence of a screw propeller behind a ship’s form induces a suction into the disc, and in 
accelerating the water increases the hull resistance. On the other hand, a ship in progress through the 
water produces both a drag on the streams close to the hull, and also because of the pressure variation a 
further acceleration. The propeller is thus working in water having a speed less than the speed of the 
ship and the thrust horse power required to propel the ship is some ‘20 per cent. larger than necessary to 
overcome the tow rope resistance, and about 50 per cent, less because of the assistance of slower wake. 

The sum of these two effects is called the hull efficiency, and this in the case of a normal single 
screw cargo vessel would be approximately 1:2. It should be pointed out that although the above wake 
effect is often termed “ wake gain,” the larger the wake the larger the slip, and hence lower propeller 
efficiency, and if the wake becomes very targe, its turbulent character leads to further losses. 

One of the problems of modern propeller design is to combine high screw efficiency with high hull 
efficiency 

One of the most economical types of new single screw cargo vessels has a quasi propulsive co-efficient, 
ie., hull efficiency x screw efficiency = 1°18 x °65 = ‘767 and a quasi propulsive efficiency of *8 or more 
are immediate possibilities. 

The shape of the hull and the general environment of a propeller has a great influence both on 
propeller and hull efficiency, and this point is at present receiving much attention from research workers. 

Much has been done in Germany to produce a form of small resistance having a wake of nearly 
uniform velocity, and substantial progress has been achieved. This point is very important because a 
propeller of optimum efficiency is not possible when wake velocities vary widely over the propeller disc. 
Indeed, it is possible to design a hull form of minimum resistance but having a very low propulsive 
efficiency. 

Interesting experiments have recently been conducted in Japan by Masaa Yamagata (Transactions 
of T.N2A‘, 1934) and it has been shown that the shape of the stern lines of a ship could be varied greatly 
with little or no effect on the hull resistance but with very great effect on the propulsive efficiency. 
Much older researches have shown how fundamental the correct shaping of the bossing of a twin-screw 
vessel is to the attainment of good propulsive efficiency. 

In recent years, marine propeller designers have borrowed many ideas from the science of aeronautics 
and many of the best modern propellers have aerofoil sections. 

Strictly speaking, a normal round backed section is an aerofoil, but generally the word is used to 
denote a blade section having a rounded nose and its maximum thickness closer than *4 of its section 
length to the leading edge. 


An aerofoil section propeller is 1 general more efficient than one having normal round backed section, 
chiefly because it induces a much larger suction on the back of the blade and hence does more useful 
work. An ordinary flat blade has a suction distribution on its back which is little more than equal to the 
pressure on its face, but in an aerofoil the suction may be three times its pressure. 

If the pressure head over the propeller is insufficient to maintain this increase of suction it sometimes 
causes turbulence, cavitation and erosion; and the study of the detailed features of the pressure distribution 
round propeller sections has led to a great advance in the knowledge of these phenomena. 

To put it briefly, a propeller blade section in passing through the water produces a lift like a kite and 
also suffers resistance to its passage. It will in fact be passing through the water at a given velocity and 
have a definite angle of attack, and it will have a certain pressure distribution depending on its shape 
and will do the work required of it efficiently provided the water is of steady velocity and the pressure 
head is sufficient to maintain water in contact with the back of the blade. 

Reduction of angle, decrease of velocity and modification of blade shape may be necessary to avoid 
cavitation and erosion, but the old concept of surface and tip velocities have of themselves little influence 
on cavitation. 

Estimates of the pressures produced by eddies collapsing concentrically supported a view once held 
that excessive pressures were necessary to provide erosion on propeller blades, but although large forces 
must be exerted to cause erosion of hard bronze propellers, it has now been found possible to show by 
means of cinema photographs that bubbles and vortices do not collapse concentrically on a blade as was 
thought probable, but in an irregular fashion consequent upon their jostling with each other. 


Most cases of erosion can now be eliminated by careful design, but while erosion may yet show itself 
on some propellers of normal size and design after a few months of service, it can be said that the most 
serious cases of cavitation are not the most serious cases of erosion. In fact, so far as back cavitation is 
concerned, there appears to be some connection between the degree of cavitation and the distance between 
the nose of a section and the point of its collapse. 

A very fast skimmer recently designed and fitted with bronze propellers, which cavitated to an extent 
of 60 per cent of their normal thrust, was found to have its propellers perfectly polished and smooth after 
several attempts on the world’s speed records. From this it has been assumed that the vortices which 
were created collapsed some distance aft of the propeller. 


MANUFACTURE. 


FounpDrkyY Orerations.—In a foundry entirely devoted to bronze propeller castings, the floor of the 
shop between the melting furnaces and drying ovens is arranged with permanent foundations of varying 
diameters, the larger of these foundations or beds, as they are called, being sometimes sunk below the floor 
level. This gives a greater head room for casting operations and the built up walls round the sunken bed 
can be used to give added support to the mould. Before casting takes place, the space between the wall 
and the mould is rammed in with sand to prevent any chance of the mould bursting. 

The cast iron moulding plates which are used to carry the brickwork, etc., of the face and back of 
the mould are substantially designed so that they can be lifted bodily in and out of the drying stoves 
without any chance of distortion. Secured at the centre of the moulding plate is the vertical spindle 
which carries the bracket arm. Attached to this bracket arm is the striking board which is supported 
and balanced over a pulley by a weight. The striking board is made from the drawing by the pattern- 
maker to give the designed throw back of the blade, and in conjunction with one or more pitch pieces the 
following pitches can be struck :— 

. Uniform pitch (one pitch piece). 

2. Constantly varying pitch across blade section (one pitch piece). 
. Constantly varying pitch from root to tip (two pitch pieces). 

. Combination of Nos. 2 and 3. 


Commencing operations on the moulding plate, a circle is drawn with a radius of the pitch piece to 
be used and divided up according to the number of blades. The blade shape is projected on to the plate 
round each blade centre line, the pitch piece being now placed in position and striking board roller 
adjusted to run on same. With this apparatus in order mould building commences, the bricks and loam 
sand are built up to provide the face side of the blades and formation of the boss. The bricks should not 
be too closely placed together or they will interfere with the efficient drying of the moulds. 

The runner channel for the molten metal is built in the brickwork under one blade and opens into 
the lower part of the boss, the feeder to this channe! coming from the top of the mould, where the dirt 
or scum box is placed, to receive the molten metal from the container. 

With large propellers, where the weight exceeds 10 tons, two feeders will be used, as the large masses 
of molten metal will be more easily manipulated and a more uniform flow induced in the mould. 

Drying out the mould has to be carefully done, for large propellers it may have to be stowed or dried 
three times. The first drying of the rough finished mould should be slow and thorough. The oven 
temperature must be controlled and at no time intense. The average temperature over a period of twelve 
hours will be about 250°C. In a modern drying oven continuous temperature recorders are in use and, 
where fuel is expensive, combustion is carefully watched and chimney temperatures noted. After the 
first stove drying operation the mould is replaced on the bed. The striking board is run over each blade 
several times to ensure a smooth surface and correct pitch, the amount of stove drying and dressing up 
depending on the size of the propeller and the quality of the finished casting required. 

When the lower part of the mould has been completed, the blade section templates are placed in 
position, and the space so formed is filled up with small brick and dry sand. It is then surfaced over 
with dry or parting sand. 

The blades being now formed, work on the top half of the mould can begin. This is similar to the 
bottom half except that the body of the mould is reinforced by a network of steel bars interlaced near the 
blade surface and through bolted to the top plate which lies parallel to the base plate. Thickness of 
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joam sand on the face of the mould depends on the strength and method of lacing the steel bars, but is 
usually about 2 ins. A form of grid, shaped as the blade, can also be used ‘for strengthening the 
top mould. 

At this stage of the mould building a striking board for the boss is placed on the spindle and the 
boss formation finally struck out. Some of the steel bars which reinforce the top mould are usually bent 
round so as to form a support for the loam round the boss. After going through the drying and dressing- 
up operation, as carried out on the lower half, both sections are bolted together in such a manner for the 
final drying that the hot air in the stove can circulate freely to all parts of the mould. During damp 
weather a final drying is usually given to the mould just before casting by building charcoal fires round 
the top and suspe nding a fire over the centre opening of the mould, 

Test Bars.—Test bars are usually placed on the under side of the blade in a central position. This 
test bar slab projects from the blade surface and is of such a size as will provide two standard test pieces, 
one tensile and one bend. Generally three bars are cast on cach propeller and this allows for a works 
preliminary test, inspecting authority test, and a spare bar in the event of a second test being necessary 
on account of a defective bar. 

Very little variation will be found in the material test results which have been taken from bars cast 
on different parts of a blade. This may be illustrated by the unusually large number of tests which were 
recently called for from a twelve ton propeller. These test pieces were taken from four different positions 
on each blade and the variation of the different results were as follows 

Yield Point : $-ton per sq. in. | 
Tensile ; 1 ton per sq. in. 
Elongation ; 4 per cent. | 

To ensure such results in a large propeller when two or more furnaces are used to prepare the metal 
for casting, care must be taken that the furnaces are br ought to the melting temperature simultaneously 
for tapping, otherwise the composition of the material structure at different blades will be divergent. 

The range of physical properties of manganese bronze is quite wide, and related, of course, to a variety 
of specifications and other requirements. 

The yield point or proof stress will usually lie between 15 and 18 tons per sq. in. 
Ultimate tensile will usually lie between 28 and 40 tons per sq. in. 
Elongation will usually le between 80 per cent. and 15 per cent. on 2 in. 

Bends without fracture 60° to 120°. 

The physical properties of manganese bronze propeller material generally called for when a certificate 

has to be issued are :— 
Tensile 28 to 82 tons per sq. in. 
Elongation not less than 20 per cent. on 2 ins. : 25 per cent. is often demanded. 
Yield. point when requested is 15 tons per sq. in. and will usually be 50 per cent. of tensile. 
Bend test when requested is 1 in. square bar bent to 90° without fracture. 
Bend test B.O.T. requirement is } in. diameter bar bent to 90° without fracture. 


All maximum variations. 


When a certificate is required for propellers to be fitted to a vessel which has the notation 
“Strengthened for Navigation in Ice,” the above requirements hold good with the exception of the bend 
test which has to be carried out on a + in. by Lin. section bar and has to bend through 120° without 
fracture. 

Sraric BaLance.—While on the subject of tests, reference should be made to static balance tests 
which are sometimes required to be noted at the final inspection of a propeller. When balancing has to 
be carried out a heavy steel mandril is fitted in the boss and the propeller placed on two hardened steel 
rails. No definite requirements are stated for this examination and it is usually a matter of agreement 
between the Surveyor and Manufacturer as to what is a satisfactory balance. 

A rough and ready method is, after assisting the propeller to turn slowly through one revolution, 
place each blade alternatively in a vertical position and with the propeller at rest, test “how sensitive it is 
to movement by hand or by attaching a small lead weight of one or two pounds to the tip of a blade and 
see how far round it will move. This method could be more accurately done by stating how many 
degrees the propeller should move through when a certain weight is placed at a blade tip when the blade 
is in a horizontal position. 


PROPELLER MATERIAL. 


1. Casv Iron is generally accepted metal for propellers to be fitted on trawlers, tugs, and the smaller 
type of cargo vessel where low cost is of prime importance. The are usually cast in one piece, and 
diameters up to 15 ft. are common. 

A refined cast iron, or semi-cast steel as it is sometimes called, which has been made under a patent 
process or trade name, has been placed on the market by some propeller manufacturers with satisfactory 
results. 

2. Cast STEEL is used for propellers of ice breakers and vessels which are called upon to navigate in 
ice. In these vessels the built-up type of propeller is invariably found, blade damage frequently occurs, 
and spare blades have on occasions been fitted to vessels at sea when their light trim has exposed the 
blades to undue risks. 

Solid type of cast steel propellers are to be found on vessels which do not have to operate in very 
‘heavy ice, and economy of operation is a consideration. Great care has to be exercised in the 
manufacture of cast steel propellers. Shrinkage cracks develop along the blade roots, due to the quick 
change of section between the blade and the boss. These cracks, on first being noticed, do not appear to 
have any depth, but when cut out are sometimes found to extend to a depth of 2 ins to 3 ins, and may 
run across the fillet for 12 ins. or more. Blade edges which are finished off with a fine edge, tapering 
quickly from a thick section, also develop cooling cracks. These defects can, at times, be overcome by 
running brackets down between the blades and the boss and round the blade edges. After annealing the 
casting they are dressed off. 

3. MANGANESE AND OTHER Bronze ALLoys have now taken the leading position in propeller 
material. Propellers of this material are to be found in all classes of vessels, from the tug to the largest 
and fastest Atlantic liner and all ships of war. 

They are generally of the solid type, blade surfaces being easy to machine or polish up and frictional 
losses are therefore lower than those set up with cast iron or cast steel propellers. 

Though more expensive, it is a suitable material for use in ice navigation. ‘The physical qualities 
come within our cast steel requirements without any difficulty when manufacture is carried out in a 
foundry which specializes in manganese bronze founding. 

Throughout long usage and under all conditions of service manganese bronze has proved itself to be 
a most suitable alloy for marine propeller work. Reputable manufacturers are now taking a much 
greater interest in design to meet modern requirements, which have been called for as the result of tank 
model experiments, and they have improved their foundry technique and given more attention to 
metallurgical research. 

COMPOSITION AND PREPARATION OF ALLOYS.—Manganese bronze is more correctly termed manganese 
brass. It is primarily a 60/40 copper zinc base to which various amounts of special elements are added. 
The precise composition adopted depends upon the physical properties required and the nature of the 
work to be cast. 

The various added elements, such as tin, iron, aluminium, nickel, etc., have a very definite influence 
upon the alloy and accordingly the quantities of these constituents must be carefully proportioned. 

The best alloys are made by initially melting the component metals in correct metallurgical sequence 
in a crucible furnace, the resultant alloy being cast into ingots and afterwards remelted for foundry 
casting use. 

The composition of commercial manganese bronze as given by Mr. Wesley Lambert, C.B.E., in the 
Foundry Trade Journal will be found in general to be within the following limits :— 


Copper aa mad Pe rg «+» 50 to 70 per cent. 
Aluminium =- pee Sac traces to 5 ,, 
1b PRES “e cee oe ay 2 traces to 14 be 
Tron ve Te top ope traces to 2 wt 
Manganese ... hn ae — traces to 5 Be 
Zinc ... on “A ; mp or ... Remainder. 


Lead, arsenic, bismuth, antimony —m ae even in aT quantities are undesirable constituents. 
The range of composition for propeller work is somewhat smaller than quoted above in general 
fashion. 


The proportions of the special elements are selected to meet definite specifications of physical pro- 
perties and the alloys are most frequently of the duplex Alpha-Beta structure. Each of the special 
elements has a characteristic influence and in very general terms these are :— 

Tiy.—Helps the resistance to sea water corrosion and hardens the alloy. (The Admiralty 
specify 1 per cent. minimum.) 

Iron.—Refines the grain size and in suitable proportions has a general effect for improve- 
nent of physical properties. 

ALumiNium.—Has a hardening influence and generally improves corrosion resistance. 

MANGANESE.—Acts as a valuable dioxidiser in the melting and casting of the alloy and also 
has good influence upon the ductile properties. 

Nicken.—When carefully and suitably applied, has beneficial effect on physical properties. 


CASTING, 


CastinG.—Two most important points which require attention before and during the actual pouring 
of the metal are :— 

TEMPERATURE OF Mprat, WHEN TApPrInc THE FURNACE.—Several factors have an important bearing 
on this, namely :—size of casting, time taken between tapping the furnace and pouring the mould, this 
depending largely on crane equipment and the time taken in skimming the container. 

When working with large masses of metal the rate of cooling is slow and the absence of any undue 
rush or excitement, when working with ten or fifteen ton containers, prevents any possibility of the 
operation not being properly carried out. 

The freezing temperature of the average quality manganese bronze used in propeller work is stated 
to be about 870° C., and before tapping the furnace a temperature of 980° C. is considered good practice. 
‘Temperatures are checked over by pyrometers, and care taken that the temperature rec orded is that of 
the metal and not the furnace gases. 

Controu oF Zinc EQuivaLent.—This is most important on account of the easy oxidation of the 
zine due to any excessive furnace temperature which may have been attained during the melting 
operations. Control of the zinc is carried out by tests on the metal before the furnace is tapped. The 
exact nature of these tests is determined by what limits are required by the particular alloy. A quick 
method is a visual examination of the freshly broken surface of a fractured bar by the aetallanaits 
Should the zine content be low, adjustment is made by the addition of pure spelter to the molten metal 
in the furnace or the container. 


When everything is in order for casting, the furnace is tapped and the metal run into a container 
which has been lined with refractory material and preheated so as to avoid any undue cooling. Skimming 
operations now take place; and to ensure a sound casting the skimming must be done by an experienced 
man. It is essential that all the refuse should be brought to the surface, so that it may be removed with 
the skimming iron. ‘The metal is now poured into the runner box, which is constructed with a ball valve 
or plug on the bottom. This valve or plug is under the control of the foreman, as it is most important 
that the flow of metal from the runner box to the mould should be steady and uninterrupted, to prevent 
turbulence. Any undue checking of the metal flow may cause independent layers of metal to solidify. 
During the pouring, this runner -box is kept weil filled with metal, and only clean metal from the bottom 
of the box is introduced into the mould. When the mould has been filled up, the head or exposed top of 
the boss is skimmed free of any refuse by skimming irons. Fresh molten metal is then added direct to 
the open head and the operation known as feeding is carried out with feeding rods. These rods are 
moved up and down by hand, and as solidification ‘takes place the depth of rod immersion is decreased. 
With large castings, the head must be kept in a molten state for a considerable period, so as to properly 
follow up the contraction of the metal, which takes place on cooling, and also avoid any contraction 
cavities being formed in the boss. 

Cooling out and stripping the mould of a large propeller has to be carefully carried out. Foundry 
experience plays a large part in the procedure, and it is considered advisable to first open out the top of 
the mould round the header before the top plates are disturbed. ‘This relieves any internal stresses and 
prevents unequal distortion. 
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The structure of the metal can also be greatly altered by the rate of cooling, and this must be taken 
into account when the mould is being stripped. No hard and fast rule can be laid down to ensure 
immunity from both likely sources of trouble, which can easily develop in a sound casting. Haphazard 
or careless opening out of the mould must be avoided at all costs. 


To ensure soundness in a propeller of, say, ten ton, a period of 50 to 60 hours should be allowed for 
the cooling off and stripping. 


MACHINING. 


Before handing over the propeller casting to the machine shop, the runner and any roughness on 
blades and boss due to the mould surfaces becoming scored when the metal is being run are trimmed off 
. . . . . i=] . 5 . 
by chipping with pneumatic hammers. Headers if they are considered cumbersome are sometimes removed 
before the propeller leaves the foundry, but generally it is found easier to remove the header from the 
propeller in the lathe used for machining. 


As is usual with castings in an engineering shop, the propeller is set up horizontally on a machined 
base plate for marking off. This can be done with the driving face placed downwards and the pitch 
checked over by pitch plates being tried at marked radial positions on the blades, when the propeller is 
thus set up. So that all blades will machine equally, centre and machining lines are then marked on the 
boss. 


Another method of marking off is to place the propeller on the marking off slab with the driving 
face upwards. ‘This, in my opinion, is the more accurate method as each blade face can then be carefully 
gone over and marked for surface machining by cutting depth grooves with pneumatic hammers. The 
procedure adopted when marking off with the driving face upwards, so as to ensure that only the minimum 
amount of metal will have to be removed from any part of a blade, is as follows :—a vertical post is secured 
at the centre of the boss ; revolving on this post is a radius arm which has a pointer indicating on a disc 
scale which is marked off in degrees. The blades are marked with radius lines at pre-determined diameters 
and by moving this radius arm through say 10° and taking a vertical measurement down from the two 
points at a radius circle, the difference in those two measurements will give the slope of the blade along 
this radius line for 10°, 


Reversing this process, the slope of the blade for the required pitch between 10° points at different 
diameters has to be decided by calculation, and the marking off thus becomes a’ question of noting at each 
point the depth of metal which should be removed to give the required pitch. 


The method of careful marking off over short distances across the blade, is carried out where the 
surface dressing has to be done by hand with pneumatic chippers. Care has to be taken to ensure that 
only the minimum amount is removed from the driving face surface as the nearer the finished polished 
surface is to the original casting skin the better it can resist erosion. 


Marking off blades by the above method is much more easily carried out if measurements are taken 
in metric, and one is less liable to error when checking over pitches hurriedly as Surveyors are sometimes 
called on to do. 


Admiralty pitch error allowance is *5 per cent. on mean pitch. 
Commercial _ ,, 2 ” 4 dod Op? s 
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A pitch of say 18 ft. converted to metric would be 5,486 mm. thus = = 152°3 mm. on 10° and 
od 
1 per cent. tolerance = 1°5 mm. 


Blade section thicknesses have occasionally to be verified and the tolerance allowed from the drawing 
is in the region of 1 per cent. — and 24 per cent. + with a minimum allowance of 1 mm. 


Dressing over blade surfaces can also be carried out on the specially designed machines made for the 
purpose. Careful marking off has, of course, to be done to ensure accurate setting up in the machine and 
while uniform pitches are easily dealt with, the problem of blade machining by mechanical means is 
becoming more difficult as designers are asking for such unusual blade sections with varying pitches. 


REPAIRS. 


Many senior members will no doubt be able to recall the old cheap or hurried method of repair to a 
tramp or coaster vessel’s damaged propeller blade of, say, 25 years ago. How cast iron tips were cast and 
burnt on at the foundry, or the more mechanical but unsightly method of riveting on a steel plate was 
adopted. 

With the advent of loose bronze blades repairs were simplified. Bronze or cast iron spares were 
carried on board and could be fitted to the propeller boss at any port. The more general use of the 
efficient solid bronze propeller was held back mainly by the high replacement cost or unsatisfactory 
method of repair. 

Several firms which specialize in bronze propeller manufacture have now given repair work on blades 
much consideration, and a-decision on the method of repair is best left with them, as each blade damage 
must be considered from many points. If the damage or distortion is slight or near the tip, 
straightening may be possible, but if the metal has been stressed to any extent, then the blade must be cut. 


The salient features involved in a blade repair are :— 
1. Material. 
2. Its mass. 
3. Its shape and section. 
{. The type and location of damage in relation to the three other points. 
5. Time allowed for repair. 
The two methods of replacing defective blade parts are :— 
Open Burns.—Where the restored portion and its fusion to the main casting are formed 
simultaneously from one pour of molten metal. 
In general, this type of repair embraces the smaller cases, where the damage is often located at or 
about the blade edge or where tips only need restoring. 


The molten metal is allowed to flow across the part of the parent casting until it has been raised to 
the point of fusion. The outlet is then closed and the open mould allowed to fill up. 


Crosep Burns.—A new casting is first made to the shape of the missing part of the blade, and 
then, as a separate operation, it is fused on to the parent casting by the flow of molten metal between the 
two edges. This method embraces the larger cases of repair, and as much as half a blade, with a fusion 
width of about three feet, has been satisfactorily burned on a propeller blade. 

When a propeller is returned to the makers for repairs, it is general practice to set It up for a pitch 
check over. Front and back of blades are dressed over and a careful examination made for edge or 
surface fractures. A pitch checking at the works is much more accurate than in a dry dock, and it is 
considered advisable after damage. Deflection of blades in service is extremely rare with the standard 
blade sections and quality of metal now in use. 

Wenpinc.—Welding has been applied on many occasions for the repair of small blade damage. 
Fractures, extending afew inches in from the blade edge, which I have seen welded up, have, on examination 
at subsequent dry docking, been found to have extended beyond the end of the weld. In other cases, 
more serious fractures have resulted from welding, due to the severe local heating involved. 

In electrical welding the electrode is restricted to copper-tin alloys, and hence differs considerably 
from the parent metal. 

In oxy-acetylene welding pre-heating is essential, and the resultant manipulation is frequently 
difficult and harmful. 

Welding does not compare favourably with the casting method of repair. The merits of the latter 
are superior, both in the magnitude of the work which may be done and the excellent strengths obtained, 
which will stand up to continuous hard service. 


It is desired to thank Messrs. The Manganese Bronze and Brass Company, Ltd., for the use of blocks 
and photographs reproduced in this paper. 
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DISCUSSION OF Mr. McCRIRICK’S PAPER 


ON 


PROPELLERS. 


E. W. BLocKSsIDGE. 


It is a matter of great satisfaction to the Committee of the Association to know that young 
Surveyors are taking a keen interest in our endeavour to distribute information of a technical nature to 
Members of the Staff of this Society distributed throughout the world. 


For this reason, among others, we give a hearty welcome to Mr. McCririck to-night. 

The subject is one which has not been dealt with in our Transactions, and can only be discussed in 
detail by those who have had intimate experience in such special work. The paper will prove of great 
value to Members of the Staff who have not had the same opportunities as the Lecturer in accumulating 
knowledge of the subject. 


Mr. McCririck has also gone to the trouble of obtaining lantern slides to illustrate his paper, which 
has simplified the presentation and made the subject of more interest to his hearers. 


interest, and the photographs and details associated with those of the QUEEN Mary and NorMANDIE 
throw some light and give explanation on points raised in recent discussion in the Technical Press. 


The reference to the various types of propellers fitted to modern passenger ships is of particular 


I have, therefore, great pleasure in submitting the paper now to the Meeting for general discussion 


G. A. Larne. 


I wish to thank and congratulate Mr. McCririck upon the Paper he has read to us this evening. 

Recently a vessel which has been laid wp for some considerable time was towed up river and placed 
in drydock. She had a built propeller with bronze blades and upon first examination before the blades 
were properly cleaned all seemed in order, but upon completion of cleaning a crack about midlength and 
extending about two thirds across one blade could be seen from the dock bottom. 


No deformation of the blade to account for this crack could be seen. 

Is the author of the opinion that the failure was due to pent up stress following fairing or repair to 
this blade ? 

Whilst bronze propellers are well finished to size and balance, this is not the case with cast iron pro- 
pellers. 

Owing to the excessive wear down—1 inch—of the stern bush, and the fracture of the propeller shaft 
coupling in a vessel, the Superintendent had the propeller tried in the lathe for balance. 

It was a solid cast iron four-bladed propeller of about 15 ft. diameter and 8 tons in weight, and 
worked at 70 to 75 R.P.M. 


It was found that it required a weight of 54 kilos hung at the top of one blade and 4 kilos at the top 
of an adjacent blade to bring about a reasonable balance, and material was chipped off the backs of the 
heavy blades to rectify matters. 


A. EWwInc. 


Mr. McCririck has dealt with his subject in a very practical manner, and has left’ very little room 
for criticism. 


There are, however, a few points I will take up. 


On page 8, paragraph 2, under the heading of design, we read “ The larger the wake the larger the 
ship and hence the lower the propeller efficiency.” 


With a greater following stream, is not the apparent slip lower even though the turbulance results in 
greater real slip and lower propeller efficiency ? 


On page 5, under the heading of test bars, the author says that test bars are cast on the under side 
of the blades. This, of course, ensures sound metal in the test bars and consequently there is very 
little difficulty in obtaining uniform test results when dealing with solid propellers which are cast. with 
the driving face of the blade downwards. 


In the case of separate blades the conditions are different. The blades are cast tip downward and 
the test bars are formed in pockets in the side of the mould. In these conditions the test bars are more 
liable to have gas holes and dirt inclusions, and if high elongation and bend tests are specified there is 
some cause for anxiety until the tests are passed, as the makers private tests may give very different 
results from those given by the stamped bars, 


Generally speaking the required tensile strength and elongation are easily attained by experienced 
founders, but a cast bronze that will give 28 tons per square inch tensile and 25 per cent. elongation may 
not approach the bend test results of cast steel of similar strength and elongation. 


The Admiralty do not specify bend tests for cast bronze propellers, and only call for 15% elongation 
with a tensile breaking stress of 33 tons per square inch. 


Except in cases of vessels having notation ‘ Strengthened for navigation in ice,” this Society has no 
definite Rules for physical tests of propellers. 


Mr. McCririck mentions bend test: of 60° to 120° on sections varying from 1 in. square to 3 in. round. 


These bend tests are in my experience only applied when specified or when B.O.'T. tests are called for, 
and the radius of the bend is generally very liberal. 


Perhaps Mr. McCririck will give us his views on what would be a reasonable bend test, having 
regard to section of bar and radius and angle of bend. 


Another point that should be made clear is that it is standard practice to make tests of propeller 
bronze on bars of *798 in. diameter and to measure the elongation on 2 ins. 
This is generally accepted by all parties concerned, but is not in accordance with B.E.S.A. standard. 


The method of static balancing described in the paper appears quite satisfactory for propellers 
running at normal speeds, and I do not know of any cases where propellers for merchant ships have been 
dynamically balanced. 


On page 6 the author deals with cast iron and steel propellers and in paragraph 4 stresses the 
necessary for guarding against shrinkage cracks at the roots of the blades of steel propellers. 

These cracks usually develop on the after side of the blade on account of the comparatively small 
fillet at the root on the driving side, 

While the actual cracks are much more common in steel propellers, the weakness is present in cast 
iron propellers. 

The blade and boss surfaces being at approximately right angles to each other, the crystaline 
structure at the blade roots is affected by the cooling and the draw due to change of section further 
weakens the metal structure. 

At docking surveys the roots of cast iron and steel blades are always worth a second look. 


I have, with a pocket knife, cut over 1 in. deep into blades which when painted looked perfectly 
sound, 
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Careful arrangement of headers and feeding the mould as the metal cools is some help, but excellent 
structure of metal at the blade base has been obtained by carrying a tail core up into the blade base. 


In casting separate blades the base is formed ina drawback or core and, as soon as the metal has 
solidified, this can be broken away and the tail core taken out, thereby allowing the root of the blade to 
cool from inside. 

This formation also does away with the draw of the heavy body of metal in the base. 

In casting solid propellers this method is more difficult to apply, but I think it would be more 
effective than casting brackets, which prevent the shrinkage cracks from developing but leave the weak- 
ness in the metal structure. 

On page 7 the author deals with casting and control of zine equivalent. 

This is something that only the few can master. The estimating by visual examination of a freshly 
broken bar, the amount of spelter required to give the required physical properties is almost in the nature 
of wizarding. 

On page 9 Mr. McCririck deals with repairs. 

The old riveted patches are not very common, but tips are fairly frequently burned on to cast iron 
blades. 

There are repairs which can be dealt with in ordinary repair shops, but efficient repairs to high class 
bronze propellers requires a great deal of craftsmanship. 

Bronze blades are frequently found to be bent and the repairs described in the paper are, when 
practicable, put in the hands of the makers of the propellers who know the alloy and can generally 
guarantee a sound job. 


Abroad, however, we have to do the best we can with the equipment available. 


Propeller bronze will forge at a blue heat, and considerable bends on blade tips can be faired by 
careful workmen. 


The temperature at which the blade is faired is very important. 


I have found that most propeller bronze will work well at a temperature just high enough to char a 
piece of clear pine, which is rubbed on the blade, so that rough check can be kept while working the blade 
hot. 


Final pitching should be done on the surface table after the blade has cooled. 
Heating must be carefully done, as excessive local heat will buckle or even crack the blade. 


The burning on repair, described in the paper, presents little difficulty to large bronze founders, but 
the small repairers abroad have not furnaces to deal with the quantity of molten bronze necessary to 
ensure fusion as described in the paper and welding is sometimes resorted to with more or less success. 


If welding is to be successful it must be done with the parts to be welded at forging temperature and 
cooling should be slow and uniform. 


Whether the blade repair is by burning on with molten metal or by welding, the line of burn must 
be straight. 


It is almost hopeless to attempt to burn in a scallop or V shaped patch. 
In conclusion I wish to thank Mr. McCririck for his very practical paper. 


V. LocKNEY. 
Mr. McCririck has made a valuable contribution to the transactions of the Association in this paper 
on propellers. 
The subject of propellers is of course a vast one, about which many books have been written and 
about which there is still a great deal that is unknown. 
For this reason, many of us wondered, before we saw the paper, what particular phase of the problem 
would be presented by the author. 
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In his remarks on design, Mr. McCririck makes some comments on blades with aerofoil section, 
and defines this section as one having a rounded nose with maximum thickness closer than -4 of the 
section length to the leading edge. 


I am not sure that this fully describes the characteristics of an aerofoil section, but I think I am 
right in saying that propellers having blades of the type described are suitable for vessels in which 
there is not a great variation in draft such as passenger vessels and war vessels, but are not suitable 
for ordinary cargo vessels in which the draft varies greatly from the loaded to the ballast condition. 


The reason for this is, I believe, that where the propeller breaks surface with every revolution, as in 
the case of a cargo vessel in ballast, a sharp leading edge is better. 


In the penultimate paragraph of page 3, the author states that the old concept of surface and tip 
velocities have of themselves little influence on cavitation, and I think he intends to associate this with 
blade tip erosion. 

This strikes me as being rather a bold statement because I believe it is true that the type of blade 
tip erosion which one finds on the forward side of the tips of blades of cast iron propellers is more 
frequently met with in those cases where tip velocities are somewhat greater than the average. 


My own experience certainly points to this, as I have found this type of erosion which is usually 
associated with a form of cavitation, more frequently in large diameter cast iron propellers than on small 
ones—large diameters of course giving greater tip velocities for the same revolutions than small ones. 


Perhaps the author would enlarge on this point. 


I feel that Mr. McCririck has relegated the cast iron propeller to a somewhat unimportant corner of 
the paper, and I suggest that this is not consistent with its importance to the marine engineering world. 

We must remember that the bulk of cargo tonnage still uses the cast iron propeller, and whilst it is 
not such an engineering refinement as the bronze propeller, it is nevertheless a useful and relatively 
cheap fitting, and as such will probably continue to be used for many years to come. 

It would be interesting to have the author’s remarks on the question of testing cast iron propellers. 

As a basis for some discussion on this matter I will suggest that cast iron propellers should have 
two tensile test pieces taken from the middle of the blade length, cast on opposite blades, and two 
transverse test pieces similarly cast on the other two opposite blades. 

The testing of this material, together with a test of the truth of the pitch, the general suitability of 
the casting and its scantlings and an examination of the bore after machining, would, I think, enable one 
to decide whether the propeller were a good one or not. 

It is particularly important in cast iron propellers to see that the fillets between the blades and the 
boss are adequate. 

I have known a number of cases where blades have “ lopped off” at sea, due to inadequacy of the 
fillets. 

With regard to repairs, a great deal could be said on the subject of burning on propeller blade tips. 
I will, however, confine my remarks to saying that there is a belief that some kinds of bronze propeller 
material will not yield satisfactory results with a burnt on tip, whilst other bronze material will give 
quite satisfactory service after such a repair. 

Mr. McCririck will, no doubt, visualise in this question a scene in which a superintendent whose ship 
has a damaged propeller, is having an argument, perhaps acrimonious, with an underwriter’s surveyor, 
whilst the surveyor to Lloyd’s Register listens quietly until the opportune moment arrives, when he puts 
them both right. 

It would, however, be interesting to have the author’s views on the allegation referred to above, 


I cannot agree with the author when he says on page 9 that deflection of bronze propeller blades in 
service is extremely rare. 

My experience is that bronze propeller blades do often deflect when damaged in cases where cast iron 
propellersiwould break, and this points to the desirability of having a check on pitch after damage to a 
bronze propeller, when a defect is not obvious from an ordinary examination. 


» 


WRITTEN CONTRIBUTIONS TO DISCUSSION. 
J. D. Boyne (Glasgow). 

Mr. McCririck’s paper leaves little room for criticism. The opportunity will be taken, however, to 
extend his rather brief paragraph on static balancing and to make some further comments on repairs to 
bronze propellers. 

In a recent case a four-bladed built bronze propeller of 17 ft. diameter with cast iron boss was 
specified to be balanced. _ As a preliminary all blades were made nearly equal in weight. | The propeller 
when built was set up on knife edges. It was found that a weight of over 40 Ibs. was required at the 
lifting hole of one of the blades (about 7 ft. radius from the centre) to obtain static balance. The above 
figures are approximate, but it is claimed that they might be taken as good average practice for unbalanced 
propellers of similar dimensions. 

'The effect of this unbalance might be illustrated as follows :— 

wr a? 

g 
added weight necessary 
distance of same from centre 
angular velocity of propeller 
approx. 32. 


F (Force exerted in Ibs. wt.) = 


where w (lbs.) 

r (ft.) 

a (radians/sec.) 
and g (ft./sec?) 


How tly 


If n = reys. per min. 
and since there are 2 7 radians per rev. 
a = 27 a 
nou 


(In this case n was 125 R.P.M.) 

F = wr x 47°? 

3600 
= 1500 lbs. wt. 

Unbalanced forces such as the above must be partly responsible for abnormal wear of stern brush 
linings, and in view of this it is considered that it would be advantageous to have all large propellers 
statically balanced. As rotating masses of metal screw propellers are comparatively light compared with, 
for example, heavy rimmed flywheels of similar dimensions, they are also short fore and aft compared with 
most turbine rotors, while their rotational speed is not high. Consequently dynamic balance is not called 
for. It is presumed, however, that any statically unbalanced force in a propeller would set up a dynamic 
couple at the gear wheel teeth of a geared drive or at the after crank web of a direct coupled reciprocating 
engine of greater or less magnitude, according to the degree of rigidity or flexibility of the intervening 
line shafting. 

The author’s remarks on repairs to bronze propellers are appreciated, especially where he states that 
a decision on the method of repair is best left to an experienced manufacturer. This latter is, however, 
not always at hand and sometimes the best has to be made of local facilities. 

Around the tips, and roughly throughout the outer quarter length of blade, indents can usually be 
faired in place; in this region also the welding of fractures, by the oxy-acetylene in preference to the 
electric process, has been repeatedly carried out satisfactorily. For blade damage in the next quarter 
length (approx.) it is considered advisable to have the propeller (or blades) sent to a reliable manufacturer 
for repairs by “ open burning” for small pieces and * close burning” where larger parts require to be 
added—as described in the paper. For damage of any consequence within the inner half diameter of the 
propeller it is submitted that permanent repair generally means renewal. 

The above sub-division of blade length is suggested as a rough guide covering one or two of the 
several factors requiring consideration when damaged bronze propellers are met with. At the same time 
it is recognised that no hard and fast rules can be laid down. The author has mentioned a case of half 
a blade being successfully burned on, while cases could be cited where half lengths of blades bent through 
90° have been heated in place, drawn back true to pitch, and subsequently given years of satisfactory service. 


I desire to add my quota of thanks to Mr. McCririck for his interesting paper, and to congratulate 
him for worthily upholding the traditions of his clan in their investigation of screw propellers. 
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F. Brooke Sarre (Hartlepool). 


Mr. McCririck in his opening paragraphs refers to the fact that economies in the order of 10 per 
cent. have been claimed by the fitting of new and suitable propellers to existing tonnage. There is no 
doubt that efficient propeller design is the cheapest way of getting extra speed, provided the right 
propeller is fitted. It has to be admitted that, although modern research work has done a great deal to 
elucidate the mysteries of the screw propeller, there seems to be quite as much, or even more, still to be 
learned on this elusive, and at the same time, intriguing subject. 


As an example of the improvement which can be obtained by the fitting of the right propeller to a 
vessel the following data is given :— 


Original Propeller. New Propeller. 
Diameter ... hs pea elcite O,1nbs bese ... 18 ft. 6 ins. 
Pitch ae ick 35 Le ue OND Bote aces eB ak 
Expanded blade areas... 98. sq. ft. ei --. 104 8q. ft. 
Revolutions oe sae th roe) os ... 64 to 66 

Cast iron blades : Polished bronze blades : 

Speed about oe -» 11.5 to 11.75 knots... 12 knots. 
Slip oa tr. .-- 15 to 30 percent. ... 5 to 10 per cent. 
BEB it ep ... About 3,300... ... About 2,800. 


From the foregoing it is evident that the original propeller was not absorbing the full power of the 
engines, and the alteration made in increased pitch and surface utilised more effectively in propulsive 
effort the I.H.P. developed. 


The above striking results were obtained by :— 
(a) Increasing the pitch, with slight pitch variation. 
(6) Increasing the expanded blade area. 


(c) Changing the material of the blades, which allowed of these being made thinner. The 
polishing of the blade surface and thinning down of the thickness both contributed, in this 
case, to increased propeller efficiency. 


It seems that one of the problems worthy of the serious attention of experts is the production of a 
really efficient high speed propeller which will not be subject to cavitation. When such a propeller is 
produced, and there does not appear to be any reason why it should not, it would enable the weight of the 
propelling machinery to be cut down by a very substantial figure per b.h.p. 


Mr. McCririck, although he makes no mention of the matter, must be aware of the fact that despite 
all the expert knowledge available, serious troubles, unknown in the past, have been experienced by the 
fitting of phosphor bronze propellers designed by the manufacturers to give the maximum efficiency in 
an endeavour to obtain those elusive economies. 1 refer to what has become known as “singing 
propellers.” Ina recent case a vessel badly damaged its solid phosphor bronze propeller, and fitted a 
spare cast iron propeller for a voyage or so, until such time as a new solid phosphor bronze propeller was 
peedied, Eventually the vessel was dry docked, and the new propeller fitted. During a short voyage 
in ballast, from the repair port to a loading port, the new propeller to all intents was satisfactory. 
When the vessel again went to sea, in a loaded condition, serious and unusual sounds and vibrations 
were set up by the propeller ; these were of such a serious character that the vessel had to return to port, 
dry dock, and once again refit the standby cast iron propeller, with which it is believed the vessel is 
still operating in a satisfactory manner. Perhaps the author will be bold enough to express an opinion 
as to the causes of this trouble. 


One of the tendencies in designing new propellers, for rejuvenating of existing tonnage, is to increase 
the diameter as much as the propeller aperture will allow. Cases occur where the tip clearance is 
reduced toa minimum. It is considered advisable when fitting a new propeller that care is taken to 
revolve it slowly, and to prove all blades have ample clearance. Many propellers are not given the careful 
machining and dressing referred to in the paper, and it is quite possible for the blades to be of varying 
length, with the danger of one or more fouling the aperture. 
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Cuarues W. Resp (Liverpool). 


The author is to be congratulated on his concise and useful paper on an interesting and everyday 
but little understood subject. 
It is noted that the author wisely refrains from setting down any detailed formule regarding the 


designs of propellers, as this is a section on which many books could be, and have been, written, and yet 
how little is actually known. 


It is surprising how little the main features of design of propellers has altered, or indeed knowledge 
on the subject grown since early days, despite the enormous numbers of propellers continually being 
made all over the world. 

Theories regarding propeller-design are so vague, opinions regarding the best features vary so much, 
so many factors enter, and practical experience counts for so much, that it iswery difficult to lay down 
any concise hard and fast rules or give many short cuts to enable one to quickly run out the most 
perfect propeller design for any particular vessel. Several expert designers may, and frequently do, 
submit entirely different propellers for the same job which may all give equally g good (or bad) results, so 
that it would appear that there is still a lot of ‘hit and miss” even these days. 

The writer remembers overhearing Sir Charles Parsons saying that his epoch-making craft, the 
Turernta, had at one time six propellers on each shaft, but that during some speed trials in shallow 
water several propeller blades got knocked off, and afterwards the vessel went much faster ! 

It is thought that, as a matter of interest more than utility, on account of the greatly reduced 
scale, the attached charts and diagrams would show one method—not necessarily the only or best 


method—by which many hundreds “of very successful propellers have been designed. The method of 
using these curves is, shortly, as follows :— 


From Fig. A (Coefficient of Fineness—Percentage value of Length curve) find this percentage 
value, which multiplied by the square root of L gives the limit of economical speed in knots. 
Then from Fig. B find the Admiralty coefficient for the vessel. 


3 
Hiss VEER eeyuied = Displacement */, x (Limit speed)’ 


vallable I.H.P. 5 : 
Taare LHP. gives a percentage of power, which (from Fig. C) we get the percentage of speed. 


This percentage x Limit of speed = Actual speed V. We now turn to the large Chart, Fig. D, 
and from the formula given obtain the 


Adm. coefficient. 


Wak t Sa _ { Prismatic coefficient 
ake percentage (single screw) = 16 | Midship coefficient 

From the chart we obtain the corresponding wake correction multiplier. 

V x wake multiplier = V, knots. 
We assume a suitable number of revolutions, and 
= Ue oes Revolutions? 
am Vie 

Now assume a Pitch Ratio (of from *9 to 1°15 if possible) and find the curve of K corresponding to 
the value of K found above. 

Whatever number of curve found for K should sae be to find values of C, and Cx. 

HEPC. 


Then Disc Area = VY? x Ae Pt Blade Area 


x WA —°6 


3). 
From this dise area we get the required diameter of propeller, then 
Pitch = Diameter x Pitch Ratio. 
Surface developed = Disc Area x Surface Ratio. 
Disc Area 
: ; 2 
Note that Midship Area should be about 0°2. 


yAbae 


Now Revolutions = —! ~ —* 
Diameter. 
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If the number of revolutions now obtained does not tally closely with the number originally 
assumed, another attempt should be made with somewhat different assumptions. 
(Revs. x Pitch — 101°83 x knots) 
Reys. x Pitch 
It should be stressed that a good deal of experience, common sense and discretion should be used 
with these charts and formul in order to see that a propeller of abnormal proportions is not arrived at. 


Percentage Slip = x 100. 


These or similar methods have been in use until at least three or four years ago, but it would be 
interesting if the author could say whether modern research and practice have evolyed any startling 
developments in propeller design the last few years. 


REPLY BY THE AUTHOR. 


I wish to express my thanks to the members who have contributed to the discussion on a subject 
which is presented to most of us, In our multifarious duties as surveyors, as a finished article ready for 


service at the terminal part of the main propelling unit. 


Mr. A. Ewing questions a statement under the heading of Design in which we read, “ the larger the 
wake the larger the slip, hence the lower the propeller efficiency.” 


It is asserted by propeller designers that what they claim would be the most efficient propellers for 
two different vessels of say 10 knots, each with 2,000 B.HLP. at 68 R.P.M., one having a wake of *4 and 
the other °6, that the apparent slip of the first would be 4 per cent. and the second 1 per cent., but that 
the real slip would be 31°5 per cent. and 37 per cent. respectively. 


Propeller 1. Propeller 2. 
Miase ce eee LOM tyros: Dinta sco» oLpitc. 6 ins, 
Pitch ... 0 "15'ft. 7 ims. Pitch ... ... 14 ft. 10 ins. 
Walkera. i:geet aes “4. WOKE ts ssl ane “6 
Logs ee ae 593 [i Abate athe 558 


With regard to the question of test bars, these are, of course, formed in pockets off the surfaces of the 
mould, and there is always (perhaps more so in the case of single blades) the chance that non-metallic 
matter or gaseous disturbances may be entrapped in the test bar. — By careful manipulation, however, 
this is avoided, and the frequency of this trouble occurring in practice is fortunately reduced to a minimum. 
‘A second test from another bar from the propeller or blade, made be taken and the chances are that it 
will be free from inherent defects. 


A cast manganese bronze which will give 28 tons per square inch tensile and 25 per cent. elongation 
may be expected to, provide easily for a bend test of 90° minimum on either in. diameter bar or a Lin. 
square bar when bent over a bolster radius of lin. In consideration of the fact that the test bars from 
manganese bronze are taken precisely in the “as cast ” condition, the results of tests have every merit 
when compared to those of cast steel. The parallel length of test bars for propeller work is, in most cases, 
2 ins., and this has been the standard length for many years, While the B.E.S.A. standard for bars of 


-798 in. diameter should be 3 ins. the departure in question is of negligible importance. 


The general standard of propeller castings in manganese bronze is unquestionably superior to that of 
cast iron or cast steel, and much more immune from shrinkage cracks and surface defects. With the 
ample radii of fillets, which are generally allowed on well designed propellers, the casting is free from 
detrimental features brought about by sudden change of section. _ Various forms of tail cones have been 
tried from time to time, particularly in regard to loose blades. | Most of these practices have been dis- 
continued for many years now as the results were not justified practically. In the case of solid propellers 
a large proportion of these are cast with a lightening chamber in the boss bore, which is formed by a core 
of appropriate shape. 

Coming now to repairs, there is one point to which definite exception must be taken, that is, the 
statement that “the line of burn must be straight, and that it is almost hopeless to attempt to burn ina 
scallop or V shape patch.” This, of course, is not the case with firms which specialize in this work and 
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have given much time and thought to blade repairs, as with suitable application to the location of the 
damage and type of job a large number of burns are now satisfactorily carried out on a crescent or V 
shape. 


Straightening operations should be carried out at a dull red heat and work should not continue on 
the blade when its temperature falls below 550°C. 


Other points on repair work are covered by the remarks referred to under paragraph for Mr. Boyle. 


Mr. V. Lockney comments on the definition of an aerofoil section. From an aeronautic point of 
view all propeller sections are aerofoils, and while the description given in the paper is a loose one it 
represents a definition generally accepted in marine circles. Further, it would be a lucky chance if the 
round backed section was better than an aerofoil carefully designed to meet the conditions peculiar to 
a cargo boat. 


Features other than section shape enter into this problem, but particular aerofoil propellers do give 
better results than round backed ones, and ample confirmation of this can be found in the papers of 


Messrs. Baker and Kent, which give particulars of experiments carried out in both rough and still water 
conditions. 


A large thrust per square inch may be quite safe providing the sustaining head of water is sufficient; 
this also applies to high tip velocities. 


If, however, the suction on the back of the blade is greater than can be supported by the medium 
then the flow will break away and cavitation ensue. Since the suction varies as the velocity squared, 
speed becomes an important factor; again a narrow blade may necessitate a higher slip, high enough to 
increase the suction referred to above beyond the limit. But the old concepts of 10 Ib. per square inch 
surface limiting thrust, and 12,000 ft. per minute rotational velocity as used in the past, are false guides. 


The tip wastage which is generally found on large diameter cast iron propellers can, I think, be 
attributed more to corrosion than to erosion, as with greater tip velocities attained the more easily air is 
freed from the water, also cargo vessels which are not on a regular trade may do many days running with 
the blade tips breaking the water surface. 


Enlightened owners are now finding with the advent of higher speeds with Diesel engines that the 
life of a cast iron propeller is considerably reduced, and the extra cost of a well-designed bronze propeller 
is considered a good investment against the early renewal of the cast iron one. 


Regarding tests on cast iron propellers, the proposal for affixing bars to the actual casting produces 
some complications by presenting additional thickness of metal and unequal sections which, I am informed, 
is not considered good practice for the testing of cast iron. It would, I think, be advisable to follow the 
usual standard foundry practice and cast separately from the molten metal in the ladle, tensile and trans- 
verse bars of recognised standard dimensions. 


Coming now to the suitability of manganese bronze propellers for repair, this point may be answered 
by the fact that an experienced manufacturer produces a well balanced alloy, and such material may be 
repaired with confidence within the limitation and descriptions which have been described in the paper. 


Deflection of blades in service is extremely rare, perhaps I should have qualified this statement by 
adding, except on account of damage by some foreign object. What I intended to convey was that apart 
from striking anything, a well-designed propeller of good quality material will not show deflection on ex- 
amination after having been in service. 

Mr. J. D. Boyle gives an actual case of a built four-bladed bronze propeller with cast iron boss on 
which all blades were made nearly equal by weight, yet when the propeller was placed on the rails for 
static balance it was found to be considerably out. It is now realized by many what wear or damage 
these unbalanced forces may cause with the higher shaft speeds in use, and the slight extra cost in having 
propellers statically balanced more than justifies itself. 


Concerning the remarks of Mr. Boyle and others on the repair of bronze propellers, it is most desir- 
able that any repair should be carried out at the manufacturers’ works. 


The small repairs, which of necessity must be attended to elsewhere, should be strictly limited to 
small local fairing and to cutting out a damaged portion or mechanically stopping the spread of a crack. 
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The welding of bronze propeller blades is very undesirable, as wide experience has shown that this invari- 
ably results in subsequent failure. If, however, in certain circumstances it is essential to have a small 
area welded it is preferable to use the electrical process, because the work can be carried on for short 
periods, and so prevent any great spread of heat in contrast to the severe spread of heat with oxy-acetylene 
welding, where the use of large jets are necessary to promote fusion when dealing with such masses of 
material. It is the intense heating of such parts of the blade which causes subsequent cracking in the 
areas round the weld. 


Mr. F. Brooke Smith gives particulars of a very substantial saving in power with increase in speed, 
which more than justified the change to a properly designed bronze propeller. 


In his remarks regarding serious troubles which have been experienced with the modern propeller, he 
refers to phosphor bronze, which I think is really meant to be manganese bronze. Most difficult problems 
have confronted the propeller designers during the past few years, but the experts now claim to be 
approaching a stage where they can predict the part of a blade which will cavitate and erode. Doubts 
regarding the actual distribution of the velocity over a particular disc increases the propeller designers 
difficulties, but where most high speed Trans-Atlantic Liners experience erosion on the blades in the 
initial stages it is generally possible to avoid its continuance. 


The cause of the singing propeller is unknown or we would have heard less about it. All types of 
propellers made from all kinds of material have produced noises in some form or other, while in some pro- 
pellers an alteration in the blade shape or a hole drilled at a certain position has considerably reduced the 
singing noise. The trouble can still be met with in a modified form, and while all blame or credit for the 
disturbing noise in the past has been placed on the propeller, it is quite possible that some of the structure 
surrounding the propeller is partly responsible. 


A representative committee, of which Dr. Dorey is a member, has been formed to investigate the 
problem, and no doubt with the information which will be placed before it some new light will be thrown 
on the subject. 


Mr. ©. W. Reed has kindly put forward as a matter of interest the attached charts and diagrams, 
which appear to be based on Barnaby’s curves, and give a method used in the design of hundreds of suc- 
cessful propellers in the past. He states that propeller design has not advanced, but numerous cases can 
be instanced where fuel consumption has been reduced 14 per cent. when a propeller of the type common 
ten years ago has been replaced by a modern one. 


The deductions arrived at by the various empirical formulee for defining power required, economical 
speed, wake factor, etc., are now accurately estimated by tank experiments at Teddington and elsewhere. 
In Mr. G. 8. Baker’s recent papers before the Institution of Navai Architects, reference is made to a 
series of variations in propeller design which resulted in improvements of from 5 per cent. to 10 per cent. 
over the old type of propeller, and in these cases the general dimensions were unaltered. 


Erratum. On page one of the paper the 1,400 shaft horse power Skimmer propeller should be 6,000 
R.P.M. instead of 3,500 R.P.M. as stated. 


In conclusion, I would like to thank the Manganese Bronze and Brass Co. Ltd., London, for their 
kindness in granting the use of a very interesting set of slides which, at a glance, brought before many a 
picture of intricate details that have to be cared for in bronze propeller manufacture. Further, I must 
couple Mr. C. W. Reed’s name with an expression of thanks for the trouble he took in providing the 
equipment for displaying the slides without placing any undue strain on the Association’s Treasurer. 


W. REED’S CONTRIBUTION. 
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“FRUIT”, AND “CHILLED” CARGOES FROM 
AUSTRALIAN PORTS. 


By E. L. CARTWRIGHT (Sydney, N.S.W.). 


This paper is intended to show the different methods adopted in fitting out vessels’ holds to receive 
fruit or chilled cargoes, the conditions in which such cargo is loaded at Australian ports, and a few 
comments and suggestions on the cargo, and the appliances used in refrigerated cargo spaces. 


The majority of vessels at the present time are fitted with gas compression refrigerating machines 
of the CO, type, but the systems adopted to cool down the insulated holds vary. One vessel can only 
cool down the insulated holds by circulating “cold” brine through pipes fitted in the holds. A second 
vessel may have a brine mixing tank fitted, and so be able to circulate “cold” or “chilled” brine 
through the holds. A third vessel may have wood air screens fitted 9 ins. from the side brine piping in 
the hold and be able to circulate air by means of a fan over side brine grids, the latter having “cold” or 
“chilled” brine circulating through. This system may be termed “ air over batteries,” the side brine 
grids being the battery in this case. 


A fourth vessel may have a brine cooled battery fitted in a separate compartment, and circulate air 
over the battery through wood trunks to and from the holds to be cooled. This vessel may also have 
brine piping fitted in the holds, so that the “brine grids” and the “air over battery”? can be used 
together to cool down the holds. These systems of cooling down holds have necessarily been mentioned 
because the holds have to be fitted out according to the system of cooling used, to prevent any fruit or 
chilled cargo being frozen and spoilt in transit. Incidentally the system used in different vessels for 
cooling down a hold means a big saving or a big expense to the Shipowner in the material and labour 
necessary to fit out a hold to carry fruit. 


Let us take some cases of fitting out holds to carry fruit cargoes, and take the first vessel mentioned 
as being fitted with a system of cooling down by circulating “cold” brine only through pipes fitted in 
the holds. In this case wood battens are fitted 9 ins. from the brine piping to the face of battens, at 
approximately 12 in. spacing, round the sides and ends of the hold. 3 in. wood battens spaced 12 ins. are 
fitted on the tank top insulation. Under the side and end brine grids a “ wood gutterway” or a “sawdust 
box” is fitted to drain away water that may fall off the pipes when the brine piping is thawed off, 
otherwise this snow.or water would splash on the fruit cases below and probably wet and spoil the fruit. 
It is necessary on long voyages to thaw off the brine piping two or three times, as snow gathers on the 
brine piping, otherwise snow being an insulation, the brine grids would gradually lose their cooling 
efficiency. If roof grids are used the brine must be constantly circulating, or trays fitted underneath the 
grids with drains to the bilges, to prevent water falling direct on to the fruit cases. 


In the second case, in which “chilled” brine is circulated through the hold brine grids, the fittings 
are the same as those for ‘‘cold” brine except that the battens are placed 6 ins. from the side and end 
brine grids to the face of battens. 


In the third case, in which wood screens are fitted 9 ins. from the side brine grids and over grids at 
one end of the hold, permanent 2 in. by 2 in. wood battens spaced 12 ins. apart are secured vertically to 
the outside face of screens. The fittings for this hold are now 3 in. by 3 in. wood battens, spaced 12 ins. 
apart, and laid athwartships on the tank top insulation. The brine grids at one end of hold (bulkhead) 
are fitted with wood battens placed 9 ins. from the brine grids to face of battens and spaced 12 ins. apart. 
Gutterways are generally fitted when the holds are first insulated to drain away water to the bilges when 
the brine grids are thawed off. 
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In the fourth case when a “brine cooled battery” and fans are placed in a separate compartment, 
and the “inlet” and “return” air led by wood trunks to the hold, the trunks in the hold are placed at 
the port and starboard side top corners underdeck, and in some cases smaller trunks are led from the 
main trunks down the sides and towards the middle line of hold. 2 in. by 2 in. wood battens, spaced 
12 ins. apart, are fitted on the sides and underneath the trunks. 2 in. by 2 in. battens, spaced 12 ins. apart, 
are fitted over the side and end grids if fitted, and 8 in. by 8 in. battens, spaced 12 ins. apart, placed 
athwartship on the tank top insulation. These fittings are for use with ‘air over batteries” only, for 
cooling down the holds, no side or end brine grids being used, otherwise the fruit near the grids would be 
frozen and spoiled. 

If the side and end brine grids are to be used in conjunction with air over batteries, then 2 in. by 2 in. 
battens, placed 9 ins. from the grids to outside face of battens, spaced 12 ins. apart, must be fitted for the 
safe carriage of the fruit. In all the above cases, scuppers and gutterways are fitted to drain any water 
to the bilges. Another usual practice is to provide each hold with a gas extractor, to take away a 
percentage of the CO, gas given off by the fruit, and may consist of a small suction fan and trunks, to 
draw the CO, gas from the lower part of hold and discharge the gas outside the hold, but several other 
means are employed to deal with this gas in the holds. 


It will be seen from the above description that the system of cooling down a hold regulates the 
fittings required before the fruit can be loaded, and the expense of these fittings also. 


Before loading fruit, it is a general practice to cool the holds to approximately 28° to 82° F., so that 
when the fruit is loaded, the temperature of the holds may be brought down quicker, as the insulation 
will not require so much cooling. The apple cases are fitted with a } in. by 1 in. lath nailed at each 
side, lengthwise, at top and bottom to allow air to circulate between the cases when loaded, but it is not 
unusual to see the top and bottom of the cases bulged 3 in. with tightly packed fruit, which can only be 
stowed laid on their sides or ends, to prevent the fruit being crushed. 


When the fifth tier of cases is loaded in the hold, 2 in. battens are laid on the cases, and at each 
further five tiers of cases, to assist in getting a good air circulation between the cases. At the end of 
each day’s loading, the plug hatches are put on, and the hold cooled down during the night. It may 
take two or more days to load a Sydney consignment, the hold being finally loaded at, say, Hobart, 
Melbourne or Fremantle, the latter port being 3,000 miles from Sydney. Sometimes consignments of 
both pears and apples are loaded in the same hold, and although not good practice on account of the 
different ‘* carrying” temperatures of pears and apples, the pears are loaded near the brine grids, or near 
the inlet air, as the case may be, and the apples stowed in the centre. 

Some fruit is pre-cooled before loading into the vessels, that is, the fruit is cooled down in a ‘cold 
stores” ashore and sent in insulated vans to the ship, where it is taken into the holds. In other cases, a 
"tween deck partly loaded with fruit may have a canvas screen hung round the hatch so that general 
cargo may be loaded through the canvas screen into the lower hold. This practice cannot be recommended 
when the outdoor temperature may be 80° to 100°. 


It is also quite common practice to load ingots of lead on the tank top insulation of holds intended 
for the carriage of fruit, and before the lead is loaded it is necessary to examine the tank top insulation 
and bilge plugs for any damage that may have been caused by heavy machinery crushing the bearers and 
splitting the tank top lining, or a hole in a bilge plug caused by dropping heavy cargo upon it, hold 
pillars stripped of lining and insulation by chain or wire cargo slings pulling out cargo, tunnel side 
lining broken by heavy cargo colliding with it, and brine grids on tunnel sides and upper turn of bilges 
split or pulled away from fastenings by careless discharging of cargo. The bilges must be examined, seen 
clean and dry, any leakage of oil fuel removed and limewashed in way, rose boxes cleaned, and the bilge 
pumps seen working satisfactorily. 


The lead is now loaded, generally three to six tiers in height, and cooled down before “ fruit” or 
“frozen” cargo is loaded. This may keep the refrigerating machinery working from 14 to 8 days. In 
many cases, as soon as general cargo is discharged, two or more insulated holds may be required for 
loading lead ingots, and the surveyor may have to make two or more visits during the day or night to 
examine the insulation before the lead is loaded, to prevent any delay to the vessel sailing at schedule 
time. Although the * Loading Port Survey” rules do not call for the testing of brine piping, it is 
general practice to test all brine piping in refrigerated cargo spaces at Australian ports, and in 80 per 
cent. of such surveys leaking joints or split or holed pipes are, or have been, found and repaired. 
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This is one of the most important items at a loading port survey and much damage is prevented by 
testing the brine piping before loading refrigerated cargoes. The Australian shipper of refrigerated 
cargo also relies on Lloyd’s Loading Port Survey Certificate, and often makes his own survey of the space 
in which he is shipping cargo, and would be justly upset if, after a loading port certificate had been 
issued, he found a number of brine grid joints leaking or pin holed. In the writer’s experience only one 
shipping company has objected to the brine piping being tested at a loading port, who pointed out that 
the brine piping in question had been tested at a U.K. port at the R.M.C. Survey, and no cargo carried 
in this space or spaces to Australian ports in the meantime. This sounds a reasonable objection, but 
proved to be wrong, for the simple reason that repairs or renewals to quite a lot of leaking brine piping 
under the same conditions in other companies’ vessels have been carried out at Australian ports, 

The pressure to which the brine piping is tested is also a good subject for an argument, and is 
invariably tested to 35—40 Ibs. per sq. in., the reason being that if the joints or piping are not tight at such 
pressure (which is about, or less than, the average town water supply pressure on a lead pipe) the brine 
piping should nob be in a refrigerated cargo space ab all. 

The above will give some of the general conditions, fitting out holds, and loading of fruit, at 
Australian ports, and considering that only one cargo of fruit is carried generally by each vessel during 
the fruit season (from the beginning of February to the end of April each year) it may be asked if this 
expense and loss of time in fitting out holds is necessary in order to land fruit at a U.K. port in good 
condition. 


The expense, loss of time in putting up fruit fittings, and the loss of cubic capacity in holds fitted 
for fruit appears to be due to the “system” adopted in cooling down the holds, ‘ battens fitted 9 ins. from 
the side grids,” ete., and it would seem that the side and end grids are the cause of the above mentioned 
troubles, and should be taken out of the holds. To compensate for the loss of the side and end brine 
grids the cooling surface of the roof grids of the hold could be increased by fitting a “double” row of 
roof grids in place of the “tone” row generally used. Before going into the design of the suggested roof 
grids, it is obvious that by doing away with the sideand end grids something will have to take their place 
that will not only be as efficient for cooling down a hold for fruit, but must be able to deal with a 
“frozen” cargo such as beef, mutton, butter, rabbits, etc., in fact, all kinds of refrigerated cargo. 


As hot air rises to the top of the hold and the heat absorbed by the cold brine passing through the 
grids, we have in the roof grids the most favourable position for abstracting heat and cooling down the 
hold. It only remains now to see that extra piping that will give sufficient surface to cool down the hold 
efficiently is added to the roof grids in compensation for taking away the side and end brine grids. 


The design of a double row of roof grids can be in a number of ways, but it should always be 
remembered that any particular section of the suggested double row roof grids must be designed so that 
in case of damage, or leakage, they can be dealt with easily, and each section taken down or put up by, 
say, two men, and that the roof grid installation be made to give long and inexpensive service by fitting 
galvanised piping, with strong hydraulic couplings, in preference to the usual black piping a socket 
joints and back nuts. To complete this suggested roof grid installation, hinged water-tight trays should 
be fitted under the grids, with a system of drains led to the bilges, to take away any water and prevent 
damage to the “fruit” or “cooled produce” cargo. These trays could be folded back alternately when 
carrying ‘ frozen” cargo. 

Still another suggestion for eliminating side and end brine grids, in holds, would be to build an 
angle iron rack on the port and starboard sides under deck, secured to the deck beams and side frames, to 
take a number of rows of brine piping placed in a horizontal position in the racks. All joints should be 
on the inner sides, and easy to get at when erecting or taking down the grids for repairs. Under these 
grids a tray could be fitted the full length of the hold, with drains at the forward and after ends, led to the 
bilges. A wood inner side with air louvres, capable of being folded back, could be fitted, and if electric 
fans were installed at each side, then two self-contained batteries are fitted in each hold. These drain 
trays and wood air screens could be made to be folded back when carrying frozen cargoes. The space 
required for such an installation would not be much larger than the air shoots now fitted in some vessels. 


It may be asked if any alteration to existing ‘‘systems” of cooling down holds are necessary, as the 


percentage of bad fruit landed at a U.K. port is small. Take a vessel with five insulated cargo holds 
and ‘tween decks, with a mixed cargo of fruit and frozen cargo. The cost of the wood battens and 
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fittings in this case would be from £600 to £1,000 to take one cargo from Australia to the U.K., the 
system of cooling being side and end brine grids, and air through trunkways from a brine-cooled battery. 
It is an expensive item to the shipowner in the cost of battens and fitting out of insulated spaces for the 
carriage of fruit or cooled produce cargoes under the present system of cooling down holds, and it would 
seem that a more modern arrangement is desirable when first fitting out insulated spaces. Let us now 
take some of the existing conditions of loading fruit at Australian ports. Take one hold that has been 
cooled down to 28° F. opening temperature. Fruit on the wharf at a temperature of 70° to 80° is loaded 
into this hold until, say,5 p.m. The plug hatches are now put on and the hold cooled down until 8 a.m. 
the following morning, when more fruit at a temperature of 70° to 80° is loaded into this hold until, say, 
three-quarters full. The plug hatches are put on and the vessel may sail for Melbourne to complete 
loading, after which the temperature of the hold is brought down to approximately 33° F. as soon as 
possible. 

In a second case the hold may be loaded under similar conditions, but with pre-cooled fruit from 
vans on the wharf, the outdoor temperature being anything from 70° to 90°. Well, we know that if an 
apple is taken from a “cooled room” and brought into another room, the temperature of which is 70° to 
90°, that the apple immediately begins to sweat. If left on a plate in a current of air this sweat will 
evaporate and leave the apple in a normal condition. On the other hand, if this apple is left without 
any air circulation round it, mildew will soon take place and the apple go bad. 


In the above cases, it would be interesting to know just what the condition of the fruit is after com- 
pletion of loading. It would seem that if an efficient air circulation is not provided in the above 
conditions to quickly dry the sweating fruit, the mildew may, or does take place, before the fruit is cooled 
down to the desired temperature of, say, 33° F. Would it not be safer to load fruit at a temperature of 
70° to 80° into a hold that has not been cvoled down, and on completion of the loading, to bring down 
the temperature as quickly as possible? This latter method has been tried by one shipping company 
with success, the fruit in this case going to American ports. Would it not be better to load the hold at 
one operation in any case, and then start to cool down immediately, as it would certainly prevent a good 
deal of sweating in the fruit, and dry fruit would have a much better chance of arriving at a U.K. port 
in good condition than fruit which has been sweating for any length of time. 


In recent years a good deal of attention has been given to the percentage of CO, gas given off by fruit 
that should be allowed to remain in a hold, as a preventive measure against “brown heart” in apples. 
Appliances of different designs are generally fitted to extract CO, gas, and instruments or chemical tests 
for reading the percentage of gas left in fruit holds. At the same time it may be of interest to know that 
a most efficient CO, gas extractor is fitted in nearly all lower holds of vessels, even in the first shipment 
of apples from Australia to the U.K., in the shape of the bilge pump, which, if allowed to work a little 
overtime after pumping out the hold bilges, will take away as much CO, gas as required. 

The fact is that the insulation and lining (except in the case of cement-faced insulation) are not 
tight, but as full of holes as a sieve, every butt and joint of the wood lining being open, due to shrinkage 
of the wood, and the bilge suction being at the lowest point in the hold, is in an ideal position to deal 
with the extraction of CO, gas. ‘Brown heart” is the refrigerating engineer’s nightmare, and the 
percentage of CO, gas must be kept down as a preventive measure, but it is not unusual for apples to 
be purchased from stalls in Sydney streets that are suffering from “brown heart,” and this fruit has not 
been in a “cold store.” One old orchardist informed the writer that apples are often found on immature 
trees (that is under five years of age), suffering from ‘‘ brown heart,” and that apples picked off immature 
trees, although probably sound when picked, would very readily develop this disease if kept in confined 
spaces. This may account for several cases of apples suffering from “brown heart” being found in 
different parts of a hold full of otherwise sound fruit on arrival at a U.K. port. 

Now apples in their natural state are suspended by short stalks from the branches of the trees, and 
this may show us the “natural” or “right side up” for packing and stowing the fruit. Next we see 
apples drenched by a shower of rain, but find they quickly dry in the outdoor circulation of air. This 
should inform us that a good circulation of air is necessary in a hold if the fruit is sweating, also that the 
stowage should allow a free circulation of air round the cases of fruit. 


In taking a summary, it would appear that to cut down expense in fitting out “fruit” holds, the 


side and end grids should be dispensed with as suggested. The only wood fittings now required would be 
“permanent” 2in. by 2 in. battens, spaced 12 ins. apart at the sides and ends of holds, and ‘temporary ” 


5 


Sin. by 8in, battens, spaced 12 ins. apart on the tank top insulation. This would mean that after the 
general cargo had been discharged and the hold cleaned down, and the 3 in. by 3 in. battens laid on the 
tank top insulation, the hold would be ready to receive fruit or frozen cargo. The cubic capacity would 
also be increased by fitting out the holds in this manner, and a big saving of time and expense in 
fitting the battens, 


The fruit should be packed properly with the stalks upwards without bulging the cases (to prevent 
bruising the fruit), Proper attention is necessary in stowing the fruit, to allow a free and generous 
circulation of air round the cases. The hold should be loaded if possible in one operation, and on 
completion be cooled down immediately. Fans should in all cases be fitted where fruit is carried to 
circulate the air, and maintain a uniform temperature in all parts of the holds, because if “ cold brine” 
grids only are fitted without any forced air circulation, a uniform temperature cannot be maintained, the 
difference in temperature between the top and bottom of a hold varying from 2° to 8° F. with occasional 
“hot pockets,” or parts of a hold that show a higher temperature than the remainder of the hold. 


The CO, gas content should not be above 8 per cent. in the fruit holds, and the temperatures of 
holds brought down to 83°-84° during the voyage, which is the average temperature maintained in the 
shipment of fruit to the U.K. 


The battens fitted in holds for the carriage of fruit with the systems of cooling previously described, 
are equally applicable for the carriage of “shell eggs” or “ prunes,” but for the carriage of * cheese” it is 
usual to fit additional 6 in. by 1 in. boards with 4 in. to 6 in. space between, diagonally across the floor battens. 
The holds are cleared of any strong smells which would taint the cargo, especially in the shipment of eggs, 
and attention paid to fitting plenty of battens between the cases or crates, to ensure a good air circulation 
between the cases. In dealing with the carriage of “chilled meat” from Australian ports, which is really 
emerging from the experimental stage, it is gradually being recognized that “speed” and “CO, gas” 
combined will make the venture a commercial success. 


This means that a vessel should land a chilled meat cargo from Australia to a U.K. port in 
approximately 35 days, the cargo being treated with CO, gas continuously during the voyage. The 
chilled meat chambers must be gas tight and preferably constructed of steel suitably insulated, with “air 
screens” or “shoots” fitted to circulate the air in the chambers, and the fans used should be reversible. 
Before loading, the chambers are cleaned and seen dry, and sterilised by gaseous formaldehyde two to 
three days before loading. The thermometers must be tested and seen accurate, and a long distance 
thermometer fitted, preferably in the centre of the chambers. The CO, indicator should also be tested. 
The opening temperature of a chilled meat chamber is usually 26° to 28°, and on completion of loading 
approximately 32°. The meat is hung close and touches, but not packed, and care is taken to prevent 
the meat coming in contact with brine grids. After the chilled meat is loaded, the chambers are sealed, 
and CO, gas immedjately introduced to 10 per cent. concentration, and is kept as near as possible between 
the limits of 84 per cent. and 114 per cent. during the voyage. Care should be taken when introducing 
CO, gas in the chambers, to see that the gas goes in slowly, to prevent pressure and possible leakage from 
the chambers. The air circulation is usually started as soon as the chambers are sealed, and the 
temperature brought down to 29°-30°. Under the above conditions chilled meat has been landed in good 
condition at a U.K. port 50 days after loading, so that it is reasonable to assume that in the near future 
“chilled meat” will be landed regularly in good condition. 

This paper is submitted in the hope that some useful criticism may result, which in turn may 


simplify the method of battening out holds intended for the carriage of “fruit” or “chilled produce” 
cargoes. 


SOME REMARKS ON THE FOREGOING PAPER. 
By D. GEMMELL. 


The subject chosen by the author is one which includes a wide field of diverse opinions and while 
fruit cargoes are carried to-day with a remarkably small percentage loss, a great variety in the details of 
cooling arrangements are adopted, with a view to improving the efficiency of air distribution and 
consequent temperature uniformity in the chambers. 


There are marked differences between different types of holds in the rate of cooling after loading 
and in the maintenance of uniform temperatures after the cooling has been accomplished, but where the 
differences are large they indicate the relative efficiency of a particular system to the conditions of the 
particular voyage concerned. 


The screened-grid system, for instance, is commonly used in the "tween decks of ships carrying fruit 
from New Zealand and Australian ports. The brine grids on the ship’s side are partitioned from the 
cargo space by screens which may be 6 ins. or 9 ins. from them, and these are perforated by louvres at 
intervals over the whole surface of the screens. A fan generally situated at mid-position of the bulkhead 
in a fan room blows air over the grids behind the screens on one side, passes into the hold through the 
louvres, and returns to the fan over the screened grids on the other side of the chamber. 


This system is quite a good one, but it leaves room for improvement, as it will be readily seen that 
the air which enters the chamber nearest to the fan will be warmer than the air which has travelled over 
the grids for the fu!l length of the chamber before entering it. 


It is impossible, therefore, to deliver the air at a uniform temperature from one end of the screens to 
the other, 


A better system, where side grids and screens are employed, is that known as the “ side-grid battery ” 
system. In this case the screens have no louvres and the air passes over the side grids for the full length 
and enters the chamber through shutters fitted across the bulkhead. ‘The air passes longitudinally 
through the chamber and returns to the fan room through shutters in the opposite bulkhead. This is 
virtually a battery system and gives a more uniform temperature than the screen-grid system. 


The most recent system of air distribution is by means of brine coolers and fans delivering the air 
through main fore and aft trunks and thwartship trunks sunk at intervals between the deck beams in the 
roof of the chamber. Brine grids are also fitted on the roof of the chamber, and the two systems are 
used simultaneously for carriage of meats, but the air circulation is used alone for fruits, the roof grids 
being shut off. This gives a much more uniform distribution and even temperature than the screen-grid 
system. 

The use of drip trays under roof grids is not a desirable practice, as the trays themselves being at a 
lower temperature than the air are liable to cause condensation to take place and form moisture on the 
under sides, which drips on to the goods. 


It is better practice to leave a clear space of 12 ins. between the roof grids and the top of the cases 
and keep the brine circulating at a sufficiently low temperature to ensure that the brine piping will 
remain dry even when an accumulation of snow has formed on the piping. ‘Trays under roof grids have 
a further disadvantage in interfering with the uniform downflow of the currents of cold air. 


With reference to the testing of brine piping at the port of loading, it is undoubtedly the best time 
to carry out this test after the completion of a round voyage during which a certain amount of straining 
may have taken place on the piping owing to the labouring of the vessel in a seaway. The author states 
that the piping is tested to 35-40 Ibs. per sq. in. The test pressure is not a fixed one, as the require- 
ment is one-and-half times the working pressure, which may vary according to the head of brine in a 
particular installation. 


This test was instituted at the request of the insurance clubs owing to the numerous small claims 
for damage by brine leaks. 


‘ 


The suggestion of the author to fit a double row of roof grids to compensate for the loss of side and 
end grids would not be practicable on the grounds of additional encroachment on cargo space and the 
inaccessibility of the upper row of grids. There should in any case be no necessity for this additional 
pipe surface on the roof of chambers in which fruit is carried. 


The cooling service being greatly increased, the brine temperature might not be carried low enough 
to prevent drip. 

The author’s second suggestion is an elaboration of the screen-grid system with the disadvantages of 
encroachment on cargo space, objectionable drip trays, and inaccessibility of the grids in case of leakages. 


It is generally recognized that the battery system is the best for fruit cargoes. Vessels fitted with 
the brine grid system are not in many cases unsuitable for fruit carrying, but the side and bulkhead 
crids cannot be dispensed with as suggested by the author, as the shipowner may at some time have to 
arry frozen produce, in which case these would be required in addition to the roof grids. 


The author’s remarks regarding brown heart in apples picked from immature trees are interesting, 
and serve to point out the importance which should be attached to the quality and condition of the fruit 
selected for shipment overseas. 

Referring to the CO, gas generated by fruit, the author states that its content should not exceed 
8 per cent. While this was the figure favoured some time ago, some experts now state that the CO, gas 
should not exceed 4 per cent. 


The carriage of chilled meat from Australia in a concentration of CO, gas has met with a considerable 
amount of success, and this meat sold at Smithfield Market, London, has in some cases realized prices 
equal to that obtained for Argentine chilled meat. 


The reduction, as far as possible, of the time which elapses between killing the animals and sale cf 
the meat on the Home Markets, the careful and hygienic handling of the meat at factories, its protection 
during transit from contamination, its temperature and general condition when loaded, are amongst the 
most important factors which contribute to the successful carriage of chilled meat. 


Chilled meat has been brought to the U.K. from Australia in 824 days without the introduction of 


CO, gas, and has been discharged in excellent condition, free from mould, which points out that provided 
the right conditions can be obtained throughout, there should be no need to resort to the use of CO, gas. 
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LLOYDS REGISTER STAFF ASSOCIATION. 


ANNUAL MERTING. 


The Annual Business Meeting of the Staff Association was 
held in the Board Room of the London Office, 
on Wednesday, 27th March, 19385. 


The President, Mr. E. W. Blocksidge, occupied the Chair. 

The Minutes of the previous Annual Meeting were read and adopted. 

Arising out of the Minutes Mr. Blocksidge explained that at the last meeting there was a formal 
resolution made that the constitution should be amended in order to reduce the number of past Presidents 
on the Committee as it was thought the Committee was, or would become, too large. He stated further : 
The matter has been thoroughly discussed from a disinterested personal point of view by the 
Committee, and also referred to the Outports, who have come to the conclusion to recommend to you that, 
for the moment, this matter should be deferred. One or two of the past Presidents are not now with us, 
and we think for the present the constitution should remain as it is, and it is open to you to submit an 
amendment to the motion put forward at the last meeting. 

Mr. 8S. T. Bryden moved and Mr. R. J. L. Ward seconded that the matter be deferred for the 
present. 

The Hon. Secretary then submitted the financial statement, and stated that the present Session had 
been a heavy one as regards expense. There had been two special lectures, and on two occasions a 
lantern had had to be hired, in addition to which, an agency fee had to be paid in respect of 
Lt.-Col. Stewart Blacker’s lecture. Lt.-Col. Blacker, however, came without charging a personal fee. 
The Secretary remarked that the balance was a little bit down as compared with last year, but there was 
still a balance of £15 6s. 5d. estimated when all expenses had been settled. 

Mr. H. N. Pemberton, in moving the adoption of the financial statement, said: I think the 
Committee are to be congratulated on showing a balance this year, especially as it has been a somewhat 
expensive session. When it is realised that the income of this Association is entirely derived from the 
sale of the covered yolumes of the Transactions, I think it is well to know that its success is due in no 
small measure to the Secretary who, from my own experience, is a good salesman. It is, however, quite 
another thing to get the money for them, and I think our thanks are due to the Outport representatives 
of the Association in this respect. 

Another point [ would like to mention, especially as it is Mr. Reed’s last appearance as Secretary of 
the Association, and that is that since he commenced his tenure of office the annual balance has 
increased. This deserves a special word of personal congratulation to Mr. Reed, and I do not say that 
with the intention of intimidating his successor. 

Mr. H. McCririck seconded the motion. 

Mr. Blocksidge: It is usual on this occasion for the President to address the members of the 
Association. I shall say very little, except to mention one or two facts. 

As you know it would be impossible for this Association to exist without the practical help of the 
Committee of Lloyd’s Register. This year we secured the advantage of having as Chairman of our 
meetings on three special occasions, Sir George Higgins the Chairman of the Society, Mr. J. Howard 
Glover the Chairman of Classification, and Sir Andrew Scott the Secretary. The success of the 
Association is not wholly dependent on financial help, but rests entirely on the interest of the individual 
Surveyors, and I think, looking back on past years, that we have cause for congratulation. ‘The results 
of this session will give us a hopeful view for the future of the Association. This year we have sold a 
record number of Transactions, which indicates that there is a greater interest being taken in the 
Association both at home and abroad. 

There are certain members of the Staff in this building whose names we never see in our Syllabus, but 
who do a great deal to help us. In the first place there is Mr. Fowler, who has carried on with a large 
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volume of clerical work very quietly and efficiently and has assisted Mr. Reed tremendously. His work 
will come to a stop just as Mr. Reed’s will at the close of this Session, but I think we shall be fortunate 
in securing the services of another member of the clerical staff to take the place of Mr. Fowler. 


Mr. Cook and Mr. Stevens have attended each and every meeting throughout the Session, and 
supplied typed copies of the discussion to each member taking part, thus relieving Surveyors from the 
necessity of writing out their contributions and expediting the delivery of the printed discussions. We 
are greatly indebted to these two gentlemen, and on behalf of the Committee and Members of the 
Association we offer them our best thanks. 


Then we have the Messenger Staff, who prepare the room for our meetings and make the necessary 
arrangements for the lantern when this has been required. We are grateful to them for their loyalty 
and practical help. 

I should also like to add my personal appreciation of the help received from the past Presidents of 
the Association. No one, I think, knows the difficulties of the work connected with the Association in 
this office and at the outports as the past Presidents, and I thank them very much for what they have 
done. 

I would also like to mention the Printing Staff. This year all the discussions have come along 
with regularity, and there has not been much delay in the binding of the Transactions. We much 
appreciate, therefore, what the printers have done for us, they have been very helpful, and rushed 
through the work when it has been necessary, with speed and efficiency. 

Last, but not least, I come to Mr. Charles Reed. He does his work in a very unassuming and 
thorough manner, and possesses a tenacity which everyone knows, and permits him to get his way in the 
end. He has done excellent work kind we do greatly appreciate what he has done. I would like, 
therefore, formally to move that our best thanks be given to Mr. Reed for his work and devotion to the 
interests of the Staff Association. I also desire to mention that he has gone to the trouble of compiling 
an index of the 15 years of work in our Association, and will be circulated with our Transactions during 
this year, which you will realise, has entailed a great deal of work. 


All arrangements have been made for next year’s Syllabus, and in addition, Mr. Cartwright, of the 
Sydney Office, has sent us a paper which is of special importance. It is entitled “Fruit and Chilled 
Cargoes from Australian Ports,” and we are going to embody it in this year’s Transactions so that it can 
be read by the members at once. 


The outline of the subjects to be discussed next Session is as follows : 


1935. PROVISIONAL SYLLABUS. 


OcToBER 10... ae Special Lecture “Shipbuilding as a means of livelihood.” 
Sir James Lrrucow, Bart. 


— 


NOVEMBER 7... +: Illustrated Lecture. ‘Some Early Marine Engineering Experiences 
and Practice.” 
Engineer-Captain Epaar ©. Smrrn, 0.B.E., R.N. (of Engineering). 


DECEMBER 5— ... es “Notes on Special Surveys.” 
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I now move that our best thanks be given to Mr. Reed for all the work he has done, and perhaps 
Mr. Lockney, a member of the Committee, will second the resolution. 


Mr. Lockney said; I have great pleasure in seconding this vote of thanks. It is well known to all 
of us that Mr. Reed has rendered great service to this Association. Some comments have been made on 
the enthusiasm of the members, but without competent and enthusiastic officers, such as we have in 
Mr. Reed, the work could not go on. Mr. Reed has had his little jokes at times, but I think it will be 
agreed that we have been privileged to have his services. I will close my remarks by formally seconding 
the vote of thanks to Mr. Reed. 


Mr. Reed : I cannot let these kind remarks pass without expressing my great surprise! Instead of 
a vote of thanks I expected a kick. It is a pleasure to me to know that my little efforts have been 
appreciated, I am only giving up the job because I cannot give enough time to it and do the job as 
thoroughly as I feel it should be done. 


The Meeting, in collaboration with the Outports, next proceeded to elect the Officers and Committee 
for the ensuing year. 

Mr. Ritchie said: It is with very great pleasure that I propose we ask Mr. Blocksidge to do us the 
honour of retaining the office of President for another year. He has been extraordinarily enthusiastic 
and pertinacious in the affairs of the Staff Association, and his importunity in getting people to read 
papers has been remarkable. He has proved himself in every way a worthy successor to the 
distinguished men who have held the Office, and I have the greatest pleasure in asking Mr. Blocksidge 
to carry on for this year. 


Mr. Young: I should just like to corroborate Mr. Ritchie’s remarks. Mr. Blocksidge has provided 
us with a most interesting session, and has certainly marked the Centenary Year in a very fitting 
manner, and I have no hesitation in seconding this proposal. 


Mr. Blocksidge : If this is your wish I shall be happy to abide by it. My interests are yours and 
yours are mine. Our one object is to increase the efficiency of the work of the Society, and advance the 
interests of the individual Surveyors, and the Staff as a whole. 


Mr. Thomson : When we learned with regret that our friend Mr. Reed wished to be relieved of his 
office as Secretary, it became necessary for us to look round, and we have been fortunate enough to 
secure the consent of Mr. Murray to act as Honorary Secretary. Those of us who have held the office 
know it is by no means a sinecure, but Iam confident we have a man of energy and initiative who will 
fill it to the satisfaction of all concerned, and I have much pleasure in proposing Mr. Murray be elected 
to the office. 


Mr. H. 8. Newton: I have very much pleasure in seconding the proposal that Mr. Murray be 
elected as Secretary, and I would like to express the hope that he will be as successful in obtaining 
contributions to this Association as he is in extracting money for another association. 


Mr. Murray : I appreciate the honour very much in being asked to be Secretary of the Association, 
and to follow in the noble line of men who have held the Office. Personally, I think my sole 
qualification for the job seems to be my ability (which Mr. Newton has already mentioned) to extract 
money from your pockets. However, I shall certainly do my best. 


The London Members of the Committee were then elected as follows : Messrs. S. T. Bryden, 
J. G. Buchanan, V. Lockney, C. W. Reed, G. D. Ritchie, C. H. Stocks, R. J. L. Ward, L. H. F. Young, 


Lantern :—Mr. Reed proposed and Mr. G. 0. Watson seconded, that a lantern should be purchased 
for the use of the Association. It was pointed out that the hire of a lantern entailed a good deal of 
expense; and with a lantern of our own we could make the ordinary lectures more interesting. 


It was decided to purchase a lantern, and left to the Committee to discuss the details as to price 
and quality. 
(Nore: An Optiscope lantern has now been purchased for the Association.) 


Mr. Watt: Gentlemen. A very pleasant task devolves upon me, and that is to pass a vote of 
thanks to Mr. Blocksidge for his services during last year as President. Some of us who preceded him 
in that office thought we had done exceedingly well during our terms, but I think Mr. Blocksidge has 
surpassed our most enterprising and important efforts. He has introduced items into the work of the 
Association we have only dreamed of, and carried these through with wonderful success. 
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He introduced the idea of visits to public works. These have been very successful, and much 
appreciated by the members. Unfortunately, I have not been able to take part in any of them, but I 
am very pleased to know that during next year further visits will be arranged. I hope I shall be more 
fortunate in the coming session than I have been in the past. 


In regard to the lectures, the praise should go to Mr. Blocksidge in a large measure for the very 
special arrangements he has made. He has done so well during last session that we look forward in 
<i sabe with pleasure to the work that he is going to do next session. I therefore ask you to pass a 
very hearty vote of thanks to Mr. Blocksidge for the work he has done in the past and for the good 
things to come. 


Mr. Blocksidge: I thank Mr. Watt for his words of appreciation, I have been very happy in the 
work of the Association and trust that we may have a successful time during next session. 


Lloyd’s Register Staff Association. 
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